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INTRODUCTION

The Yukon River flows over 2,000 miles from its headwaters in British Columbia,
through the central interior of Alaska, to its mouth on the Bering Sea coast in western
Alaska (Figure 1). All five species of Pacific salmon (Oncorhynchus spp.) occur in the
Yukon River. Commercial fisheries are distributed throughout the mainstem Yukon
River and in the lower portions of the Anvik and Tanana Rivers, while subsistence
fisheries are distributed throughout the drainage. Commercial fisheries within the
Yukon River target both chinook (0. tshawytscJw) and chum (0. ketal salmon. The
United States of America and Canada have been engaged in treaty negotiations
regarding the management and conservation of transboundary Yukon River chinook
and chum salmon stocks. Bergstrom et al. (1997) provides a detailed overview of the
fisheries and salmon stocks of the Yukon River. Chinook salmon harvests have
historically been the most economically valuable for commercial fishermen (Buklis, in
press).

The Alaska Department of Fish and Game (Department) began to investigate the use of
scale circuli distance measurements for stock identification of Yukon River chinook
salmon in 1980 (McBride and Marshal1, 1983). The investigations indicated stock
identification was feasible on a broad geographic scale, and a stock identification
program was developed to annually estimate the stock composition of chinook salmon
harvests throughout the Yukon River drainage. Schneiderhan (1997) describes the
development of the program and summarizes methods used from program inception
through 1996.

The primary component of the stock identification program has been the classification
of individual fish sampled from harvests to stock of origin (Schneiderhan, 1997). Stock
groups are defined based on the geographic location of spawning streams. Three
geographic regions, two in Alaska (Lower and Middle) and one in Canada (Upper),
have been defined in most years. Stock standards used to characterize each stock group
are obtained by sampling fish from within each geographic region. Sampled fish are
aged, and distances between scale circuli are measured using digitizing equipment
similar to the system described by Ryan and Christie (1976). These data are used to
develop age-specific classification rules based on linear discriminant analysis (Hand,
1997) of important scale measurement variables. In most years, models were developed
for the relatively abundant 1.3 and 1.4 age classes (European notation), with sample
sizes usually being insufficient to develop classification rules for other age classes.
Oassification error rates are estimated. by applying the classification rules to the stock
standards, whose true stock identity is known, using a leave-one-out approach
(Lachenbruch and Mickey, 1968). The stock composition of a fishery harvest is
estimated by classifying fish sampled from the harvest to a stock of origin. The
proportions classified to each of the stock groups are then adjusted according to



classification error rates using a procedure similar to that of Cook and Lord (1978), with
estimates constrained to be non-negative and sum to unity (Hoenig and Heisey, 1987).

While the stock identification program has performed satisfactorily, in the spring of
1998 the Department decided to examine the program to determine if improvements
could be made in the data analysis procedure. The data analysis procedure consists of a
number of sequential steps, with manual manipulation of results between steps, and
requires subjective decision making at several junctures. One of the primary
motivations for the examination was to improve the efficiency of the analysis
procedure, and reduce the need for subjective input. A second motivation was the
importance of the Yukon River chinook salmon resource. Given their value in both
conunercial and non-commercial fisheries, and that stocks of Canadian origin continue
to be a focal point in ongOing treaty negotiations, the Department wished to improve
the statistical quality of the stock composition estimates to the extent feasible.

The central component of the stock identification program is the classification estimator
that has been employed since the program's inception. When multiple estimates of a
stock composition have been available, the classification estimator has generally
produced estimates that are comparable to estimates obtained with other methods GTC,
1997). However, the classification estimator does have some characteristics that are, at
least conceptually, undesirable. The estimator is indirect in that the stock identity of
individual fish, which are not of interest in themselves, must first be estimated. A
related characteristic is that the estimator does not fully utilize information obtained in
either a mixed-stock fishery sample or stock standard samples, which is inefficient and
wasteful of information. Each sampled fish is assigned to the stock group for which its
probability of membership is largest, and that assignment is the only information
retained in the estimation process. No information about the absolute magnitude of
membership probabilities across stocks for a given fish, or between fish, is utilized. An
additional undesirable characteristic of the estimates produced by this method is that
they are not continuous, but can vary only in steps of the inverse of the sample size,
although the Cook and Lord adjustment partially masks this effect.

One potential alternative to the classification estimator is a maximum likelihood
estimator (Stuart and Ord, 1991) based on a mixture model. A maximum likelihood
estimator may share many of the underlying assumptions of the classification estimator,
while largely avoiding the undesirable characteristics mentioned above. The absolute
magnitudes of the stock membership probabilities are used directly in the likelihood
function. The proportions of a harvest consisting of fish from each of the stock groups
are parameters of the likelihood function, and estimates are thus obtained directly with
no need to classify individual fish. In addition, estimates vary continuously over the
interval (0.0, 1.0). One potential disadvantage of the maximum likelihood estimator is
that it may be more sensitive to violations of distributional assumptions, in this case
that data have multivariate normal distributions.
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The statistical properties of the maximum likelihood estimator are superior to those of
the classification estimator from a theoretical perspective. However, Millar (1990) found
that the maximum likelihood estimator enjoys no practical advantage over a
classification estimator when the number of stock groups is small. For that reason, we
wished to compare the actual performance of the two estimators with respect to Yukon
River chinook salmon applications. This report documents the design and conduct of
the simulation study, and presents summaries of the results and our findings.

SIMULATION DESIGN

Stock Standard Data

Historic stock standard data were reviewed in order to select suitable data upon which
to base the simulation study. Use of four data sets was judged sufficient to provide a
meaningful evaluation of the statistical properties of the two estimators for Yukon River
chinook applications. The primary criterion used to make a selection was the
availability of relatively large stock standard samples for all stock groups. A secondary
criterion for selection was that a three-stock classification model had been employed
(Lower, Middle, and Upper), avoiding the occasional data set for which a more
complicated four-stock model had been deemed necessary (Schneiderhan, 1996). Data
from age classes 1.3 and 1.4 in 1992 and 1993 were selected. The stock standard sample
sizes for these data sets are given in Table 1. The sample sizes in Table 1 differ
somewhat from those given by Schneiderhan (1994a, 1994b), but we were unable to
resolve the differences.

A large number of variables are computed from the circuli distance measurements
obtained from each fish scale, and a subset of these variables is selected for use in the
classification model (Schneiderhan, 1997). In order to provide the most straight-forward
comparison of the estimators' performance, the variables selected for use in the original
classification model from each of the four data sets (Schneiderhan, 1994a, 1994b) were
also used in this simulation. These data were used to develop standards for each of the
stock grou ps.

The assumptions made in developing the stock standards from each data set differed
somewhat between the two estimators. For the classification estimator, the data were
assumed to have a multivariate normal probability distribution function (pdf).
Consistent with the original analysis of these data and the assumptions of linear
discriminant analysis, the dispersion matrices of the three stock groups were assumed
to be equal and an estimate of the pooled dispersion matrix was used for each stock
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group. Although the data were also assumed to have a multivariate normal pdf for the
maximum likelihood estimator, the dispersion matrices of the stock groups were not
assumed to be equal. It was our objective assessment that the performance of the
maximum likelihood estimator would not degrade with unequal dispersion mati"ices, as
is often the case in discriminant analysis (Seber, 1984). However, because the maximum
likelihood e timator may be more sensitive to violations of distributional assumptions,
robust estinlators of a mean vector and a dispersion matrix (Campbell, 1980) were
employed to protect against the undue in£]uence of outliers. These robust estimators are
designed to reduce the influence of extreme observations on estimates of the mean
vector and the dispersion matrix, producing estimates very similar to traditionally
computed estimates when extreme observations are not overly prevalent in the data.

Construction ofMixture Samples

The performance of the classification and maximum likelihood estimators was
examined under a variety of stock mixture proportions that cover the entire parameter
space. Mixture proportions for each stock varied from 0.0 to 1.0 in steps of 0.10, and all
possible combinations of proportions in those increments within the parameter space
were considered. Figure 2 is a ternary plot of the stock mixtures considered in the
simulation, with each intersection of the axes defining a single stock mixture.

Mixture samples of size 100 were constructed. This sample size was judged to be large
enough to yield reliable results, and samples of approximately this size are routinely
obtained from fishery harvests in the stock identification program. For each stock
mixture, as displayed in Figure 2, the stock mixture proportions were multiplied by the
sample size of 100 to determine the number of fish to include in the mixture from each
stock group. Mixture samples were constructed by randomly selecting the appropriate
number of fish from the stock standard data. All sampling was done with replacement.

Stock Composition Estimators

Each artificially constructed mixture sample was treated as a sample of unknown
origin, and the stock composition of the sample was estimated using both the
classification and maximum likelihood estimators. The classification estimator is based
upon linear discriminant classification functions (Hand, 1997), with an adjusted Cook
and Lord correction (Cook and Lord, 1978). The salient features of this estimator are
summarized above, and the technique is sufficiently common that furtller description
here is unnecessary. However, because tlle maximum likelihood mixture model may be
less well known, we present it here in detail. Before describing the maximum likelihood
mixture model, it is necessary to introduce some notation. Let
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S = the number of stock groups in the model,

n the number of fish in the mixture sample,

Xi data vector of the iU1 fish in the mixture sample,

lli the stock-standard mean vector of stock group i,

Li = the stock-standard dispersion matrix of stock group i,

f(x Ii) a multivariate normal pdf with mean lli and dispersion Li evaluated at the
data vector x, and

1ti = the proportion of a mixture composed of fish from stock group i.

With that notation, the likelihood function, L, can be expressed as

(1)

The maximum likelihood estimate of the vector 1t = (1ti) is the value that maximizes L.

The Simulation

The simulation was performed using a computer program written in the FORTRAN
programming language and compiled using the professional version of the Digital
Equipment Corporation1 Visual FORTRAN compiler. Since the maximum likelihood
estimator corresponding to the likelihood function in equation (1) can not be expressed
in closed form, the likelihood function was numerically maximized using the DLCONG
subroutine of the Visual Numeric1 IMSL library bundled with the DEC compiler.

The simulation study consisted of randomly constructing 500 mixture samples at each
of the 66 stock mixtures considered (Figure 2) for each of the four data sets. For each of
the 500 mixture samples, the estimated stock mixture proportions obtained with the
classification estimator and the maximum likelihood estimator were written to an
output file. Three summary statistics were computed from the 500 estimates of each
stock group proportion; the average absolute bias, the standard deviation, and the root
mean squared error (RMSE). The average absolute bias was computed as the average of
the absolute value of the difference between the estimated and true stock proportion.

I Use of product names does not constitute endorsement by the Alaska Department of Fish and Game.
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The standard deviation was computed as the standard deviation of the estimates. The
RMSE is a summary statistic that combines the bias and standard deviation statistics; it
is computed as the square root of the sum of the average absolute bias squared and the
standard deviation squared.

SIMULATION RESULTS

The average absolute bias summary statistics are presented in Tables 2-5, the standard
deviation summary statistics are presented in Tables 6-9, and the RMSE summary
statistics are presented in Tables 10-13. Each set of four tables presents the summary
statistics for the 1992 age 1.3, 1992 age 1.4, 1993 age 1.3, and 1993 age 1.4 simulations,
respectively. Ternary plots comparing the summary statistics across estimators and
stock groups are presented in Figures 3-14, corresponding to the data in Tables 2-13,
respectively. In each of these figures, the summary statistic plotted corresponds to
estimates of the mixture proportion for the stock group printed at the top of each
column of ternary plots. In the ternary plots, the area of a circle is proportional to the
magnitude of the summary statistic being plotted. Since large values of each of the
summary statistics indicate poor performance, larger circles indicate poor performance
throughout these figures.

The data in Tables 2-13, and the corresponding ternary plots in Figures 3-14, summarize
a large quantity of data, comparing the performance of the estimators throughout the
entire range of possible stock mixtures. While a detailed examination of these tables and
figures is interesting and informative, a more concise summary is also of interest. The
percentage of the simulations in which the measures of performance of the maximum
likelihood estimator were superior to those of the classification estimator for each stock
group in each data set are presented in Table 14.

CONCLUSIONS

A study of the simulation results reveals that the two estimators tend to perform
similarly with given data sets and stock mixtures. When one of the estimators performs
better or worse at a given stock mixture than at another, the other estimator tends
perform similarly. The relatively few exceptions to this tendency generally involve the
absolute bias summary statistic and occur near the boundary of the parameter space,
i.e., when one of the stock groups is absent, or nearly absent. In these cases, the
summary statistic of one of the estimators is substantially larger than the statistic of the
other estimator. An example is provided by a comparison of the ternary plots for the
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Lower stock group in Figure 4. The classification estimator performed poorly when the
Upper stock group comprises, say, 30% or less of the mixture and the Lower stock
group comprises from 10% to 40% of the mixture, whereas the maximum lik lihood
estimator performed well at those stock mixtures.

The selection of an estimator could conceivably depend on the stock mixture. If one
estimator was consistently superior in one part of the parameter space, but the other
estimator was superior elsewhere, it would be necessary to presuppose the true stock
mixture to select the preferred estimator. Fortunately, no trend of one estimator being
consistently superior at given stock mixtures across data sets is apparent in these
results. This is advantageous in that an estimator can be selected based upon the
summary results as presented in Table 14.

The maximum likelihood estimator was less biased than the classification estimator in 8
of the 12 combinations of data set and stock group (fable 14). However, the bias of botl1
estimators was relatively small for most stock mixtures in all data sets (fables 2-13),
which implies that estimates from either estimator will be accurate on average.
However, a substantial difference in the performance of the estimators is apparent
when comparing the standard deviation and RMSE results, which are quite similar
because of the relatively small average bias enjoyed by both estimators. The maximum
likelihood estimator tends to be less variable than the classification estimator in a large
proportion of the cases (fable 14). As a result, estimates produced by the maximum
likelihood estimator can be expected to deviate less from the actual stock mixture than
estimates produced by the classification estimator. The reduced variability of the
maximum likelihood estimator is almost certainly due to the fact that the estimator fully
utilizes all information contained in the sample.

In summary, the statistical properties of the maximum likelihood estimator appear to be
superior to those of the classification estimator from both theoretical and practical
perspectives for Yukon River chinook applications. It is likely that the performance of
the estimator with the four data sets tested is indicative of the performance that can be
expected with other similar data sets. The likelihood function (Equation 1) cleanly
models the composition of a mixed stock fishery, with the parameters of the likelihood
function being the proportions of direct interest. Perhaps more importantly, the
information contained in both stock standard and mixed fishery samples is fully
utilized. The simulated performance of the maximum likelihood estimator with
observed Yukon River chinook salmon data also appears to be superior to that of the
estimator currently employed. Overall, these results appear sufficient to recommend the
adoption of the maximum likelihood estimator.
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Table 1. Stock standard sample sizes and the number
with complete records for data sets used in
the simulation.

Stock Sample Number
Year Age Group Size Complete

Lower 48 48
1992 1.3 Middle 67 65

Upper 127 127

Lower 62 62
1992 1.4 Middle 96 92

Upper 118 118

Lower 152 148
1993 1.3 Middle 132 132

Upper 178 177

Lower 185 183
1993 1.4 Middle 126 125

Upper 113 113
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Table 2. Average absolute bias observed over 500 simulalions at eal:h stock mixture, Mixture samples of
100 fish were CQlUtructed by sampling with replolCt'ment (rom Itock Itandard data on fish of
known stock origin; age 1.3 Yukon River chinook salmon in 1992-

Stock Mixture Classification Estimator Maximum Likelihood Estimator

Lower Middle Upper Lower Middle Upper Lower Middle Upper

100.0~ 0.0% O.O~ 0.0330 0,0178 0.0152 0.0008 O.llOO4 0.0003
90.0% 10.0% 0.0% 0.0227 o.oon 0.0156 0.0187 0.0259 0.0072

90.0% 0.0% 10.0% 0.0190 0.Q171 0.0019 0.0158 0.0047 0.0204
SO.O~ 20.0% 0.0% 0.0262 0,0130 0.0131 0.0208 0.0304 0.00%
SO.O% 10.0% 10.0% 0.0016 0.0076 0.0092 0.0199 0.0053 0.0145
SO.O% O.O~ 20.0% 0.0162 0.0202 OJXMO 0.0122 0.0098 0.0219
70.0% 30.0% O.O~ 0.0328 0.0232 0.0097 0.0207 0.0335 0.0128
700% 20.0~ 10.0% 0.0009 0.0160 0.0151 0.0183 0.0065 0.0118
70.0% 10.0~ 20.0~ OJlO54 0.0018 0.0072 0.0148 OJlO52 0.0200
70.0% 0.0% 30.0% 0.0186 0.0152 0.0034 0.0072 0.0124 0.Q195
60.0% 40.0% 0.0% 0.0323 0.0209 0.0115 0.0180 0.m38 0.0158
60.0% 30.0% 10.0~ 0.0017 0.0272 0.0255 0.0131 0.0091 0.0040
60.0% 20.0% 20.0% 0.0068 0.004S 0.0116 0.0119 0.0054 0.0173
60.0% 10.0% 30.0% 0.0088 0.0046 0.0042 0.008<J 0.0129 0.0209
60.0% 0.0% 40.0% 0.0111 0.0212 0.0101 0,0049 0.0192 0.0240
SO.O" SO.O% 0.0% 0.0386 0.0282 0.0104 0.0131 0.0321 0.0189
SO.O% 40.0% 10.0% O.OOSO 0.0353 0.0303 0.0111 0.0127 0.0016
SO.O% 30.0% 20.0% 0.0065 0.0187 0.0252 0,0101 0.0043 0.0144
SO.O% 20.0% 30.0% 0.0106 0.0007 0.0099 0.0060 0.0172 0.0232
SO.O% 10.0" 40.0" 0.0136 0.0148 0.0012 0.0036 0.0189 0.0225
50.0% 0.0% SO_O% 0.0017 0,0164 0.0146 0.0029 0.0215 0.0244
40.0% 60.0% 0.0% 0.0318 0.0226 0.0092 0.0145 0.0385 0.0240
40.0% SO.O% 10.0% 0.0054 0.0497 0.0443 0.0079 0.Q111 0.0032
40,0% 40.0% 20.0% 0.0039 0,0322 0.0361 0.0033 0.0003 0.0037
4{l.0% 30.0% 30.0% 0.0076 0.0<>l3 0.0159 0.0007 0.0148 0.0141
40.0% 20.0" 40.0% 0.0125 0.0013 0.0112 0.0023 0.0282 0.0258
40.0% 10.0% SO.O% 0.0178 0.0133 0.0045 0.0000 0.0271 0.0271
40.0% 0.0% 60.0% 0.0056 0.0187 0.0244 0.0002 0.0251 0.0250
30.0" 70.0% 0.0% 0.0322 0.0217 0.0105 0.0081 0.0383 0.0302
30.0% 60.0% 10.0% 0.00ll6 0.0513 0.0428 0.0023 0.0185 0.0162
30.0" SO.O% 20.0% 0.0035 0.0398 0.003 0.0007 0.0011 O.llOO4
30.0% 40.0" 30.0" 0.0104 0.0208 0.0313 0.0003 0.0127 0.0129
30.0% 30.0% 40.0" 0.0115 0.0060 0.0175 0.0035 0.0297 0.0262
30.0" 20.0" SO.O" 0.0194 0.0092 0.0102 0.0036 0.0315 0.0279
30.0~ 10.0" 60.0% 0.0230 0.0091 0.0139 0.0018 0.0363 0.0345
30.0% 0.0" 70.0" 0.0134 0.0162 0.0297 0.0012 0.0284 0.0272
20.0% 80.0" 0.0" 0.0299 0.0222 0.0077 0.0021 0.0400 0.0373
20.0" 70.0% 10.0" 0.0098 0.0609 0.0510 0.0004 0.0242 0.0246
20.0% 60.0% 20.0% 0.0003 0.0532 0.0529 0.0045 0.0059 0.0104
20.0" SO.O% 30.0" 0.0068 0.0292 0.0359 0.0047 0.0101 0.0055
20.0% 40.0" 40.0% 0.0177 0.0115 0.0291 0.0008 0.0'194 0.0186
20.0" 30.0% SO.O" 0.0203 0.0016 0.0187 0.0033 0.0347 0.0314
20.0" 20.0% 60.0% 0.0261 0.0145 0.0116 0.0007 0.0453 0.0446
20.0" 10.0% 70.0% 0.0314 0.0244 0.0070 0.0015 0.0411 0.0427
20.0% 0.0% SO.O% 0.0248 0.0174 0.0423 0.0014 0.0299 0.0313
10.0% 90.0% 0.0% 0.0253 0.0165 0.0088 0.0026 0.0504 0.0529
10.0% SO.O% 10.0% 0.0102 0.0650 0.0548 0.0045 0.0312 0.0357
10.0% 70.0" 20.0% 0.0033 0.0703 0.0670 0.0067 0.0107 0.0174
10.0% 60.0" 30.0" 0.0073 0.0528 0.0601 0.0028 0.0083 0.0055
10.0% SO.O% 40.0" 0.0111 0.0205 0.0317 0.0020 0.0174 0.0155
10.0,," 40.0% SO.O% 0.0215 0.0132 0.0347 0.0006 0.0332 0.0326
10.0% 30.0% 60.0% 0.0293 0.0017 0.0310 0.0006 0.0437 0.0443
10.0% 20.0% 70.0" 0.0354 0.0246 0.0108 0.0016 0.0424 0.0440
10.0% 10.0" ao.o% 0.0420 0.0249 0.0171 0.0047 0.l>l56 0.0503
10.0% 0.0% 90.0% 0.0402 O.01n 0.0574 0.0065 0.0358 0.0423

0.0% 100.0" 0.0% 0.0032 0.0102 0.0069 0.0000 0.0643 0.0643
0.0% 90.0" 10.0" 0.0043 0.0527 0.0570 0.0019 0.0414 0.0396
0.0% SO.O" 20.0% 0.00ll6 0.0723 0.08lI9 0.0035 0.0244 0.0209
0.0% 70.0% 30.0" 0.0126 0.0550 0.0676 0.0045 0.0071 0.0026
0.0% 60.0% 40.0" 0.0187 0.0356 0.0543 0.0053 0.00ll6 0.0139
0.0" 50.(1% SO.O" 0.0230 0.0158 0.0388 0.0054 0,0170 0.0224
0.0% 40.0% 60.0% 0.0298 0.0053 0.0351 0.0070 0.0385 0.0455
0.0% 30.0% 70.0% 0.0379 0.0149 O.023J 0.0069 0.0402 0.0470
0.0% 20.0% 80.0% 0.0452 0.0297 0.0155 0.0081 0.0385 0.0465
0.0% 10.0% 90.0% 0.0516 0.0263 0.0253 0.0078 0.0436 0.0514
0.0" 0.0" 100.0" 0.0547 0.0179 0.0726 0.0069 0,0295 0.036<
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Tab~3. Averag~ absolute~obsel'Y~ ov~r500 simuL.tions al ~-ehstock mixture. Mixlure Mmpa of
100 fish ""'~re COf\5lrucl~ by sampling with rrplM't'lMnt from stock standard data on fCsh of
loown slock origin< ag~ 1.4 Yukon Riv~rchinookMlmon in 1992-

Stock Mixtllre C1as5iflcation EstllThllor Maximum UUIihood Estimalor
Low<, Midd~ UpFf'r l,o..." ~'tiddle Upper Low<' Middle Upper

100.01 0.01 0.01 0.0428 0.0339 0.0089 0.0149 0.0149 0.0000
9().OI 10.01 0.01 0.0182 0.0067 0.0116 0.0106 0.0095 0.0011
90.01 0.0% 10.01 0.0284 0.0287 0.0003 0.0176 0.0245 0.0069
80.0% 20.0% 0.0% 0.02'15 0.0081 0.0135 0.0103 0.0087 0.0016
80.0% 10.0\ 10.0'\ 0.0089 0.0067 0.0021 0.0174 0.0208 0.0035
80.0% 0.0% 20.0'\ 0.0261 0.0281 0.0020 0.0200 0.0227 0.0027
70.0% 30.0% 0.0% 0.0245 0.0102 0.0143 OJlO40 0.0019 0.0021
70.0% 20.0% 10.0% 0.0074 0.0045 0.0029 0.0122 0.0'133 00011
70.0% 10.0% 20.0% 0.0080 0.0042 0.0038 0.0153 0.0163 0.0010
70.0% 0.0% 30.0% 0.0293 0.0328 0.0035 0.0230 0.0182 0,0047
60.0% 40.0% 0.0% 0.0293 0.Oll4 0.0179 0.0013 0.0011 0.0024
60.0% 30.0% 10.0" 0.0140 0.0113 0.0026 0.0061 0.0052 0.0009
60.0% 20.0% 20.0" 0.0071 0.0017 0.0088 0.0074 OJ)042 0.0032
60.0" 10.01 30.0'\ 0.0064 0.0010 0.0074 00106 0_ 0,0062
60.0" 0.0% 40.0'\ 0.an4 0.027S OOOSO 0.0219 0.0120 0"""
SO.O% SO.O% 00% O.lD25 0.0129 0.0195 0.0001 0003' 0.0021
SO.O% 40.0" 10.0" 0.0197 0.0149 0.00l8 0.0012 0.0007 0.0019
SO,O" 30.0'\ 20.0'\ 0.0081 OJ1019 0.0062 0.0019 0.0002 0.002J
SO.O'\ 20.0% 30.0" 0.0035 0.0074 O.OllO 0.0073 0_ 0.(011
50.0% 10.0'\ 40.0'\ 0.0tl31 0.0011 0.0091 0.0149 O.OOSO 0."""
SO.O" 0.0'\ SOO. O.01n 0.0248 00072 0.0218 00090 0.0128
400" 60.0'\ 0,0'\ 0.0134 0.0224 0.0209 0.0021 0.0000 0.0021
4{l,0'\ SO.O'\ 10.0" 0.027S 0.0252 0.0024 0.0011 0.0053 0.0042
40.0'\ SO.O'\ 10,0'\ 0.027S 0.0252 0.0024 0.0011 0.0053 0.0042
40.0'\ 30.0% 30.0'\ 0.0188 0._ 0.0103 0.0082 0.0007 0.0075
40.0'\ 20.0% 40.0'\ 0.0065 0._ 0.0149 0.0075 0.0017 0.0092
40.0'\ 10.0'\ 50.0'\ 0.0095 0.0006 0.0100 0.0142 0.0008 0.0135
40.0% 0.0\ 60.0'\ 0.0122 0.0213 0.0091 0.0188 0.0060 0.0128
30.0'\ 70.0'\ 0.0" 0.0488 0.027S 0.0213 0.0011 0.0035 0.0024
30.0" 60.0'\ 10.0" 0.0406 0.0396 0.0010 0.0037 0.0002 0.0039
30.0" SO.O" 20.0'\ O.om 0.0248 0.0047 0.0012 0.0046 0.0059
30.0% 40.0% 30.0'\ 0.0212 0.0102 0.0110 0.0039 0.0044 0.0083
30.0" 30.0% 40.0% 0.0111 0.0029 0.0140 0.0045 0.0049 0.0094
30.0'\ 20.0'\ SOO% 0.0106 0.0037 0.0144 0.0104 00002 00102
30.0% 10.01 600'\ OJ)Q14 0.0154 0.0168 0.0093 00066 0.0158
30.0" 0.0'\ 70.0% 0.0081 0.0213 0.0132 0.0159 0.0041 0.0118
20.0'\ 80.0'\ 0.0% 0.0569 0.0356 0.0213 0.00l8 00068 0.0020
20.01 70.0'\ 10.0% O.CU92 O.CU94 0.0001 0.0005 0..... 0.0049
20.0" 60.0'\ 20.01 0.0373 0.0328 0.0045 0.0016 0.0071 0.0054
20.0% SO.O" 30.0" 0.0301 0.0147 0.0154 0.0004 O.OlOS 0.0109
20.0" 40.0" 40.0" 0.0236 0.0080 0.0156 0.0017 0.0075 0.0092
20.0" 30.0'\ SO.O% O.Oln 0.0022 0.0150 0.0068 0._ 0.r:nTl
20.0% 20.0" 60.0" 0.0069 0.0180 0.0249 0.0051 0.0086 0.0137
20.0% 10.0% 70.0" 0.0030 0.0148 0.0179 0.""" 0.0064 0.0163
20.0" 0.0% SO.O% 0.0023 0.0192 0.0168 0.0146 0.0043 0.0103
10.0% 90.0% 0.0% 0.0524 0._ 0.0224 0.0075 0.0093 0.0018
10.0" BO.O% 10.0% 0.0494 0.0471 0.0023 0.0047 0.0094 0.0048
10.0% 70.0% 20.0% 0.0434 0.0364 0.0069 0.0031 0.0121 0.0090
10.0" 60.0" 30.0% 0.0348 0.0204 0.0144 0.0023 0.0124 0.0101
10.0'\ SO.O'\ 40.0% 0.0326 0.0216 0.0109 0.0009 0.0038 0.0047
10.0'\ 40.0% SO.O% 0.02.10 0.0023 0.0187 0.0016 0.0073 0.0089
10.0" 30.0'\ 60.0'\ 0.0126 0.0084 0.0211 0.0023 0.0068 0.0090
to.O'\ 20.0'\ 70.0'\ 0.0094 0.0098 0.0192 0.0072 0._ 0.0081
10.0" 10.0% SO.O% 0.0005 0.0188 O.OJ93 0.0072 0.0072 0.0144
10.0" 0.0'\ 90.0" 0.0010 0.02.11 0.0221 0.0110 0.0039 0.0071
0.0% 100.0% 0.0" 0.0032 0.0245 0.0213 O.ll309 0.0326 0.0017
0,0" 90.0", 10.0% 0.0034 0.0013 00021 O.om 0.0383 O.OICU
0.0% 80.0% 20,0'\ 0.0048 0.0049 0.0097 0.0232 0.0316 0.0083
0.0" 70.0" 30.0" 0.00S6 0.0057 00000 0.0209 0.0324 0.0115
0.0" 60.0% .w.Ol 0.0049 0.0060 00010 0.0177 0.0302 0.0125
0.0% SO.O% SO.O" 0.0068 0.0117 0.0049 0.0151 0.0268 0.0117
0.0% 40.0% 60.0" 0.0073 0.0111 0.0039 0.0107 0.0200 0.0093
0.0% 30.0% 70.0% 0.0096 0.0190 0.0094 0.0087 0.02.10 0.0123
0.0% 20.0% 80.0'\ 0.0110 0.0142 0.0032 0.0067 0.0145 0.0078
0.0" 10.0% 90.0% 0.0125 0.0186 0.0061 0.0037 O.Olgs 0.0151
0.0% 0.0% 100.01 0.0129 0.0191 0.0320 0.0000 0.0020 0.0020
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T.blr 4 A\'enlge absolute biu obMorYfll owr SOOsimulahons.t C'.w:h Ilod. mU!:ture. Modu~ sampleso(

100 fish 'WI"! CONtructed by SlImpling with I"!p~mcnt from slock It..nd.rd d... on fish of

known stockorig~.~1.3 Yolon RiW"fchinook SlI1mor1 in 1993.

Stock Mixture Classification Eslimator Maximum Uklihood Estim.tor

low" Middle Upper Low,,, Middlr Upper Lo_, Middlr Upper

100.0% 0.0% 0.0% 0.0367 0.0165 0.0202 0.0174 0.0000 0.0174
90.0% 10.0% 0.0% 0.0224 o.oon 0.0183 0.0083 0.0160 0.0243
90.0% 0.0% 10.0% 0.0094 0.0225 0.0131 0.0136 0.0042 0.0094
80.0% 20.0% 0.0% 0.0151 0.0022 0.0174 0.0063 0.0191 0.=
80.0% 10.0% 10.0% o.oeXlI 0.0124 0.0123 0.0098 0.0148 0.0246
80.0% 0.0% 20.0% O.OISO 0.0271 0.0121 0.0113 0.0068 0.0044
70.0% 30.0" 0.0% O.Q'l54 0.0037 0.0191 0.0069 0.0183 0.0252
70,0% 20.0% 10.0% 0.0018 0.0127 0.0145 0.0068 0.0151 0.0218
70.0% 10.0% 20.0% 0.0011 0,0156 0.0167 0.0041 0.0127 0.0167
70,0% 0.0% 30.0% 0.0148 0.0356 0.0209 0.0058 0.0107 0.0049
60.0% 40.0% 0.0% 0.0098 OJJ043 0.0142 0.0033 0.0197 0.0229
60.0% 30.0% 10,0% 0.0069 0.0096 0.0164 0.0048 0.0126 0.0174
600% 20.0% 20,0% 0.0018 0.0221 0.0209 0."" 00073 00119
60.0% 10.0% 30.0% 0 .... 0.0260 00256 0.0009 0.0067 00076
60,0% 0.0'; 40.0% 001SO 0""" 0.0280 0..... 0.0120 0_
SO.O'; SO.O% 00% 00087 0.0103 0.0190 0.0073 00222 00295
SO.O'; 40.0% 10.01 0.0073 0.0095 0.0168 O.ClO4I 0.0129 0.0170
SO.Ol 3O.0S 20.01 0.0045 0.0217 00262 0.0022 0.0062 0.00ll4
SO.Ol 20.01 300S 0.0011 0.0252 0.0241 OJXUO 00060 00099
se).O% 10.01 40.01 0.0048 0.0340 0.0292 0.0018 0.0031 0.0013
SO.Ol 00'; so 01 0.0124 0,0462 0.0337 0.0001 0.0165 0.0166
40.0% 60.0% 0.0% 00018 0.0146 0.0164 0.0039 00247 00286
40.0% SO.Ol 10.01 0.0090 0.0122 0.0213 0.0052 0.0158 0.0210
40.01 40.0% 20.0% 0.0125 0.0145 0.027Il 0.0018 0.0071 0.0053
40.0% 30.01 3001 0.0013 0.0262 0.0275 0.0020 0.0013 0.0034
40,0% 20.0% 40.01 0.0002 O.oJ05 0.0303 0.0005 0.0002 0.0003
40.0% 10.0% SO 0% 0.0019 o.ron 0.0353 0.0025 0.0021 0.0046
40.0% 0.0% 60.0% 0.0036 0.0562 0.0527 0.0021 0.0202 0.0223
30.0% 70.0% 0.0% 0.0023 0.0187 0.0164 0.0027 0.0316 0.0343
30.0% 60.01 10.0% 0.0149 0.0068 0.0217 0.0007 0.0165 O.Q1n
30.0% 50.0% 20.0% 0.0076 0.0148 0.0224 0._ 0.0115 0.0143
30.0% 40.0% 30.0% 0.0104 0.0218 0.0321 0.0014 0.0024 0.0009
30.0% 30.0% 40.0% 0.0051 0.0264 0.0315 0.0014 0.0018 0.....
30.0% 20.0% 50.01 0.0033 0.0326 0.0359 0.0002 0.0042 0.....
3D.0% 10.0% 60.0% 0.0011 0.0397 0.0386 0.0002 0.0050 0.0049
30.0% 0.0% 10.0% 0.0028 0.0621 0.Q593 0.0007 0.= 0.0245
20.0% 80.0% 00% 0.0061 0.0221 0.0160 0.0037 0.0312 0.0349
20,0% 10.0% 10.0% 0.0139 0.0077 0.0216 0.0009 0.0162 0.0171
20.0% 60.0% 20.0% 0.0147 0.0140 0.02ll7 0.0001 00091 0.0091
20.0% SO.O% 30.0% 0.0121 0.0210 0.0331 0.0018 00014 0.0031
2O.0S 40.0% 40.01 0.0112 0.0306 0.0418 0..... 0.0033 0._
2O.0S 30.0% SO.O% 0.0133 0.0343 0.0476 0.0018 0.0062 0._
20.01 20.01 60.01 0.00S4 0.0401 ....55 0.0014 0.0078 0.....
20.01 10.0% 10.0% 0.0049 0.0S38 0.0S87 0.0016 0.0150 0.0134
20.0% 0.0% 800S 0.0010 0.0674 0.0664 0.0047 0.0259 0.0212
10.0" 90.0% OOS 0.0156 0.0310 0.0154 0..... 0.0365 0.0369
10.0% SO.O% 100% 0.0171 0.0076 0.0253 0.0010 0.0173 0.0163
10.0% 70.0% 20.0% 0.0181 0.0168 0.0349 0.0018 0.0093 0.0075
10.0% 60.0% 30.0% 0.0160 0.0146 0.0307 0.0008 0.0059 0.0068
10.0% SO.O% 40.0% 0.0199 0.0207 0.0407 0.0020 0.0009 0.0012
10.0% 40.0% SO.O% 0.0144 0.0295 0.O<4<l 0.0030 0.0076 0.0046
100% 30.0% 600% 0.0110 0.0318 0.0428 0.0003 00085 0.0081
10.0" 20.0% 70.0% 0.0121 0.0481 0.0003 0.0030 0.0165 0.0135
to.O'; 10.0% SO.O" 0.0154 0.0581 0.0734 0.0023 0.0169 0.0145
1O.0S 0.0% 90.0% 0.0127 0.11l17 0.0853 0.0045 0.0295 0.0250
0.0% 100.0," 0,0% 0.0249 0.0381 0.013..'\ 0.0016 00307 00290
0.0% 90.0% 1001 0.0291 0.0013 0.030< 0.0033 0,0197 0.0165
0.0" SO.O% 20.0% 0.0275 0.0070 0.0345 0.0033 0.0105 00072
0.0" 7U.0% 3D0~ 0.0271 0.0069 0.0340 0..... 0.0045 0.0005
0.0% 60.0% 4O.0S OOOOS 0.0074 0.0383 0.0041 0.0041 0.0001
0.0\ sews so.o% 0.0320 0.0231 0.0551 0.00<2 0.0078 0.0120
0.o" 40.0'; 60.0% 0.0329 0.0293 0.0622 0.0050 0.0120 0.0110
0.0% 30.0% 70.0," 0.0317 0..... 0.0717 0.0048 0.0135 0,0182
0.0% 20.01 SO.O% 0.0328 0.0492 0.0820 0.0047 0.0162 0.0208
0.0% 10.0% 900% 0.0323 0.l161S 00938 0.0032 0.0180 00212
0.0% 0.0'; 100.0% 0.ll334 0.0789 0.1123 0._ 0.0316 0.0345
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Table 5. Average absolute bi.ils ob5erved over 500 IimulatKlIls at each stod. mixture. Mixture .amples or
100 fish werecol\5truCled by J<Unpling with replacement from slockltandud data on fUih of
known stocl. origin: agt" 1.4 Yukon Riverchinooksalmon in 1993.

Stock Mixlure CLusification Ettimalor Maximum Liklihood Dlimator

to"''C-r Middle Upper Lo_, Mxldle UpPf'r Lo-. Middle Upper

100.0% 0.0% 0.0% 00334 0.0175 0.0159 0.01.56 0.0142 00013
90.0% 10.0% 0.0'1. 0.0194 00009 0.02<l3 0.0235 0.00'17 00138
90.0'1. 0.0% 10.0'1. 00191 00205 0.0014 0.0251 0.0319 00068
80.0'1. 20.0'1. 0.0% 00207 0.0028 0.0235 0.0243 0.0055 00188
80.0'1. 10.0% 10.0% 0.0011 0000 0.0054 00233 0.0197 0.0036
80.0'1. 0.0'1. 20.0'1. 0.0179 0.0197 0.0018 0.0228 0.0333 00105
70.0'1. 30.0'1. 0.0'1. 0.0192 0.0068 0.0259 0.02<18 0.0013 0.0220
'7{I.O% 20.0'1. 10.0'1. 0.0002 0.0054 0.00S6 0.0198 0.0102 00096
ro.O'l. 10.0% 20.0% 0.0053 00073 0.0126 0.0213 0.0220 00007
'70.0% 0.0'.' 300% 0.01'70 002<18 0.0038 0.0226 0.0331 00105
60.0'1. 40.0'1. 0.0'1. 0.0213 0.0042 0.0250 0.0172 0.llll64 0.0236
60.0'1. 30.0'1. 10.0'1. 0.0029 0.0014 0.0013 0.0122 0.0060 0.0061
60.0'1. 20.0% 20.0% 0.0001 0.0010 0.0011 0.0160 0.0171 0,0011
60.0'1. 10.0'.' 30.0% 0.0057 0.0036 0.0092 0.0190 0.0219 00029
60.0'1. 0.0% 40.0% 0.0214 0.0221 0.0007 0.0227 0.0324 000'17
SO.O% SO.O% 0.0% 0.0202 0.0091 0.0293 0.0128 0.0140 00268
SO.O% 40.0% 10.0% 0.0067 0.0011 0.0055 0.0122 0.0002 0.0120
SO.O% 30.0% 20.0% 0.0027 0.0060 0.0087 0.0110 0.0070 0.0040
SO.O% 20.0% 30.0% 0.0042 0.0073 0.0115 0.0143 0.0166 0.0023
SO.OS 10.0% 400'1. 0.0029 0.0013 0.0042 0.0152 0.0253 0.0101
SO.OS 0.0% SO.O'.' 0.Q'l43 0.0224 0.0082 0.0172 0.0324 0,0152
40.0'1. 60.0'1. 0.0% 0.0204 0.00ll8 0.0293 0.0063 0.0191 0.0254
40.0% SO.O% 10.0'.' 0.0107 0.0047 0.0060 0.0076 0.0057 0.0133
40.0'1. 40.0% 20.0'.' 0.0086 0.0034 0.0120 0.0085 0.0017 0.0102
40.0'1. 30.0% 30.0'.' 0.0011 0.006'7 0.0077 0.0072 0.0055 0.0017
40.0'1. 20.0% 40.0% 0.0030 0.0074 0.0104 0.0126 0.0171 0.0044
40.0% 10.0% SO.OS 0.0012 0.0030 0.0018 0.0125 0.0247 0.0122
40.0% 0.0% 60.0% 0.0099 0.0221 0.0122 0.0193 0.0297 0.0104
30.0% '70.0% 0.0% 0.0192 0.0105 0.02% 0.0004 0.0280 0.0283
30.0% 60.0% 10.0% 0.0124 0.0070 0.0053 0.0034 0.0108 0.0142
30.0% SO.O% 20.0'1. 0.(l059 0.0021 0.0079 0.0023 0.0076 0.0099
30.0% 40.0% 30.0'.' 0.0026 0.0054 0._ 0.0030 0.0026 0.0056
30.0% 30.0% 40.0'1. 0.0008 0.0053 0.0061 0.0082 0.0130 0.0048
30.0% 20.0'1. SO.OS 0.0005 0.0144 0.0149 0.0087 0.0107 0.0020
30.0% 10.0% 60.0% 0.0029 0.0077 0.004'7 0.0110 0.0165 0.0056
30.0% 0.0'1. 70.0'1. 0.0025 0.0230 0.0205 0.0145 0.0266 0.0121
20.0% 80.0'1. 0.0'1. 0.0221 0.0094 0.0:315 0.0011 O.ll29O O.om
20.0'.' '70.0% 10.0'1. 0.0115 0.0024 0.0091 0.0044 0.0214 0.0170
20.0'.' 60.0% 20.0'1. 0._ 0.0027 0.0053 0.0005 0.0130 0.0125
20.0% SO.O% 30.0% 0.0068 0.0025 0.0094 0.0031 0.0034 00065
20.0% 40.0'1. 40.0'1. 0.0036 00046 0.lXII2 0.0051 0.0018 00033
20.0% 30.0% SO.O% 0.0018 0.0ll90 0.0109 0.0079 0.0085 0.0007
20.0% 20.0'1. 60.0% 0.0008 0.0112 0.0103 0.0109 0.0136 0.002£
20.0% 10.0'1. '70.0'1. 0.0024 0.0034 0.0010 0.0126 0.0165 0.0039
20.0% 0.0% 80.01 0.0040 0.0211 0.0250 0.0135 0.0206 00071
10.0% 90.0'1. 0.0'1. 0.02<l3 000'17 0.0300 0.0082 0.0064 0.0282
10.0% 80.0," JO.OI 0.0135 00023 0.0112 0._ 0.0318 0.0237
10.OS 70.0'1. 200'1. 0.0142 0.0038 0.0104 0.0005 0.0173 00168
10.01 60.01 30.0'1. 0.0083 0.0039 0.0122 O.lllllI6 0.0128 0_0134
10.0'1. SO.OS 40.0S 0.0047 0.0063 0.0111 0.0030 0.0079 0.0109
10.0S 40.0'1. SO.O% 0.0027 00084 0.0111 0.0061 0.0050 0,0011
10.0S 3O.0S 60.0'1. 0.0016 0.0153 0.0131 0.0069 0.0066 0._
10.0'1. 2O.0S '70 OS 0.0030 00086 0.00S6 0.0106 0.0142 0.0036
10.01 10.0'" 80.0'1. 0111164 00136 0.0072 0.0134 0.0123 0.0011
10.0% 0.0'1. 90.0'1. 0.0038 0.0235 0.0272 0.015';) 0.0218 0.0060
0.0," 100.0'1. 0.0'1. 0.0046 0.0391 0.0345 0.0128 0.0509 0.0380
0.0% 90.0'1. 10.0% 0.0057 0.0196 0.0139 0.0096 0.0421 0,0325
0.0'1. 80.0'1. 20.0% 0.0082 0.0088 O.lllllI6 0.0ll90 0.02ll0 0.0190
0.0'" 70.0'" 30.0'" 0.0081 0.0172 0.0091 0.0069 0.0254 0.0185
0.0% 60.0% 40.0% 0.00'17 0.0161 0.llll64 0.0057 0.0145 0.0088
O.OS SO.O% SO.O% 0.0113 0.0199 0.0085 0.0049 0.0114 0.0065
0.0% 40.0'" 60.0% 0.0137 0.0185 0.0048 0.0040 0.0066 0.0026
0.0% 30.0'" '70.0'" 0.0142 0.0131 0.0012 0.0002 0.0033 0.0065
0.0% 20.0S 80.0'" 001'74 0.0167 0.0007 0.0022 0.0070 0.0091
0.0% 10.0% 90.0'" 0.0206 0,0052 0.0154 0.0012 0.0118 00130
0.0% 0.0% 100.0% 0.0215 0.0227 0.0442 0.0000 0.0141 0.0141
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TlIIhk-6. Standard deviAtion ObservN over 5OO$ill1ulAtioN III each ,tock mlXtun':. Mixturt' 5/unple5 of 100
fish we~coNtrudal b)' uml'ling with ~plaaoment from 5tock 51~lIldard dat<l on fish of known
510ck origin; <lge 1.3 Yul.on Rivcrchmool. SIllmon in 1m.

Stock Mixture C1ousiIication Estimator Maximum Likelihood Estimator
1.0_, Middle Upper to-, Middle Upper Low" Middle Upper

l00.0~ O.O~ 0.0' 00299 0.0275 0.0241 0.0029 0.0022 00020
9Cl.O~ 10.0~ 0.0' 0_ 0.0506 0.0272 O.OlSO 0.0182 0.0124
9O.0~ O.O~ 10.0' 00382 O.ll2llO 0.0463 0.0154 0.0114 0.0195
SO.O~ 20.0' 0.0' 0.0J97 0.0521 0.0262 0.0181 O.om 0.0143
SO.O' 10.0~ 10.0~ 0.0333 0.0564 0.0562 0.0210 0.0336 0.0'347
SO.O' O.O~ 2O.0~ 0.0389 O.DJZ7 0,0524 0.0190 0.0181 0.0254
70.0' JO.O~ OO~ 00396 00507 00235 00220 00264 0,0171
70.0' 2O.0~ 10,0~ 0.0347 00667 00618 O.om 0.0401 0.0388
7O.0~ 10.0'1 20.0'1 0,0347 00646 0.0681 0.0234 0._ O.l>IJ4
70.0'1 0.0'1 JOO'1 0.0383 0.02lI0 O.OS<>I 0.0215 0.0202 0.02ll6
6O.0~ 40.0'1 O.O~ O.04M 0.0S54 00283 0.0236 0.0319 0.0225
60.0' 3O.0~ 100~ 0,0342 0.0691 0.0621 0.02J0 0.0407 0.0395
60,0'1 20.0'1 2O.0~ 0,0331 00742 0.0721 O.om 0.0427 0.0452
60.0'1. 1O.0~ JO.O~ 0,0341 0,1)6.19 0.0682 0.= 0.0430 00446
60.0' O.O~ 400~ 00389 0.0401 0.0593 0.0236 0.0283 0.0353
SO.O'1 5O.0~ O,O~ 00392 0.0522 oom 0.0251 0.0338 0.0271
SO.O'1 40.0' 10,0'1 O.om 0.0751 0.0667 0.0248 0.0452 0.0435
50.0',1, 30.0' 200' 0.0019 Oll7ll3 0.0748 0.0255 0.D475 0.0469
50.0'1 20.0' 30.0' 0.0350 0.0761 0.0756 0.0249 0.0502 00517
5O.0~ 10.0' 400'1 00331 0.ll668 00705 0.0262 0,D492 0.0517
50.0'1 0.0" 5O.0~ 0.0368 0.0336 0.0544 0.0242 0.02B9 0.0360
40.0' 60.0' 0.0'1 0.0350 0.0491 0.0267 0.0252 0.0356 0.0277
40.0'1 SO.O% 10.0," 0.0321 0.0653 0.0580 0.0252 0.0437 0.0439
40.0'1 40.0'1 20.0~ 0.0299 0.0872 0.0857 0.0242 0.0510 0.0525
40.0'1 30.0" 30.0'1 0.0323 0.084S 0.0ll58 0.0261 0.0522 0.0531
40.0'1 20.0'1 40,0'" 0.0344 0.0827 00834 0.0275 0.0545 0.0583
40.0' 10.0'1 50.0'1 0.0357 0.0739 0.0786 0.0281 0.0525 0.0555
40.0' 0.0" 60.0" 0.0370 0.0374 0.0584 O.om 0.0343 0.0431
30.0' 70.0" 0.0" 0.0331 0.0493 0.0306 0.0236 0._ 0.0340
30.0'1 60.0'1 10.0" 0.0310 0.0739 0.0649 0.0234 0.0482 o.oon
30.0% 50.0" 20.0' 0.0322 0.0864 0.0835 0.0256 0.0519 0.0523
30.0% 40.0% 30.0" 0.0313 0.0930 0.0905 0.0255 0.0551 0.0542
30.0'1 30.0'1 40.0" 00314 0.0930 0.0913 0.0259 0.0562 0.0578
30.0'1 20.0'1 50.0% 0.0330 0.0867 0.0874 0.026< 0.0562 0.0603
30.0" 10.0% 60.0% 0.0341 0.0778 0.0839 0.0270 0.0546 0.0591
JO.O'1 O.O~ 7O.0~ 0.0360 0.0333 0.0549 0.0261 0.0371 0.0452
20.0'1 8O.0~ O.O~ 0.02lI0 O.OUI 0.0263 0.0211 0.04<l3 0.0380
20.0'1 70.0~ 10.0~ 0.0303 0.0717 0.0623 O.om 0.0516 0.0517
2O.0~ 60.0'1 2O.0~ 0.0301 0.0818 0.0851 0.0226 0.0507 0.0521
20.0'1 SO.O'l. JO.O~ 0.0:311 0.0'173 0.097l 0.0247 0.0575 0.0606
2O.0S 40.0" 4O.0~ 0.0310 0.0899 0.0899 0.0260 0.0569 0.0594
20.0'1 JO.O'l. SO.O% O.roll 0.0817 0.0902 0.0237 0.0549 0.0583
20.0'1. 2O.0~ 6O.0~ 0.0332 0.llllS6 0.0881 0.0265 0.0592 00618
20.0" 10.01. 7D.0~ 0.0331 0.0740 O.MIO 0.0258 0.0556 00575
20.0'1. 0.0'1. SO.01. 0,0323 0.0380 00520 0.02lI0 0.03?lI 0.0432
10.0'1. 9O.0~ 0,01. 0.0267 0.0437 00306 0.0182 0.0442 0.0436
10.0'1 SO.O" 10,0~ 0.0267 0.0673 0.0610 0.0187 00513 0.0536
10.0'1. 70.0" 20.01. 0.02lI0 0.0976 0.0933 0.0195 0.0S54 0.0575
10.0~ 6O.0S JO,O'l. 0.0302 0.1052 0.1011 0.0216 0.0573 0.0590
10.OS SO.01. 40,0'1. 0.0296 0 .... 0.0965 0.0239 0.0571 0.0587
10.0'1. 40.0'1. SO.01. 0.0313 0.0946 00953 0.0229 0.0582 00606
10.0S JO.O~ 6O.0~ 0.0331 00920 0.0952 0.0248 0.0576 0.0617
10.0~ 20.0" 70.0'1 0.0020 0.0921 0.0946 0.0242 0.0569 0.0578
10.0~ 10.0~ SO.O'l. 0.0309 0.0'731 0.0785 0.0236 0..... 0.0591
10.0'1 0.0' 9O.0~ 0.0307 0.= O.Of70 0.0240 0.ro95 0.....
0.0'1 100.0' 0.0'1 0.0085 0.0290 0.0274 0.0000 0.0446 0.....
0.0'1 90.0'1 10.0'1. 0.0116 00634 00618 0.0051 0.0509 0,0515
0.0% SO.O'1 20.0" 001~ 0.0929 O.om O.llO.8 0.0548 olJ556
0.0' 70.0' 3O.0~ 0,0178 00981 0.0983 0.0077 0.0564 00573
0.0'1. 60.0'1. 40.0'1. 0.0220 00988 0.0980 0.0090 0.0591 0.0596
O.O~ SO.O" 5O.0~ 0.0240 0.0995 0."" 0.0091 0._ 0.0603
0.0'1. 40.0'1. 60.0'1 0.0270 0.0997 0.1011 0.0114 0.0580 0.0S95
0.0'1. 30.0' 70.0'1 0.0286 0.ll986 0.097l 0.0112 0.0615 0,0621
0.0" 2O.0~ 8O,0~ 0.0296 0.1018 0.1015 0.0126 0.0604 0.0621
O.O~ 10.0% 90.0'1 0.0309 0.0749 0.0796 0.0122 0.0567 0.0572
0.0'1 0.0'1. 100.0'1 0.0315 0.0406 0.0510 0.0115 0.0388 0.0410
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Table 7. Standard devilliion obkrved ovrr 500 simul.lltiofU at t'itCh stock mi:dure. Mixture ump1es of 10(1
fi5h we're COfUlrude<! by umpling with rept.«omt'nt from slock sundud dala on fish of \..nown
slock origin; Ilgr 1.4 Yukon Riw~r chillOOl.. salmon in 1992.

Siock Mixtun' Classificahon ulinurolor Muimum Uklihood Estunalor
Low., Middle Upl'" Low" Middle Upper Low., Middle Upper
100.0," 0.0," 0.0," 0.0498 0,0528 0.0133 0.0244 0.0244 00000
90.0'" 10.0% 0.0'" 0.0663 0.0742 0.0179 0.0379 0.0387 00045
90.0% 0.0% 10.0% 0.0401 00485 oom 0.0282 0.03Q3 00190
SO.O% 20.0% 0.01. 0.0765 00853 0.0198 0.0467 O.04n 0.0057
SO.O'" 10.0," 10.0% 0.0625 0.0847 0.0364 0.0388 0.047'9 0.0246
80.0'" 0.0'" 200'" 0.0361 0.0473 0.0006 0.0293 0.0331 0.0242
70.01. 30.0," 0.0% 007S2 00663 00232 0.0476 0..... 0,00'74
70.0'" 20.0'" 10O'" 0,0652 00877 00412 0,o.w9 0.ll545 oom
70.0'" 10.0," 2O.0S 0,0577 0 ..... 0.""" 0.0392 0.0527 O.lXlOII
70.0% 0.0% 30.0"" 0.0405 0.0530 0.0332 O.lJ2ll4 0.0304 0,0241
60.0," 40.0'" 0.0'" 0.0699 O.ll83O 0,0281 0.Dei7 0 .... 00071
60.0'" 30.0'" 10.0"" 00646 00920 0.0462 0.0460 00573 00301
60.0"" 20.0," 20.0'" 00S79 00843 0.0464 0.0416 0.0542 00334
60,0," 10.0,," 30.0'" 0.0540 00778 0.0-123 0.0313 0.0525 0.0347
60.0,," 0.0,," 40.0"" 0.0383 0.0453 0.0347 0.ll2S5 0.lJ254 0,0266
SO.O"" SO.O"" 0.0," 0.0666 0,0820 0.0310 0.001 0.0431 0.0091
SO.01. 40.0,," 10.0'" 0.0626 0..... 0.0512 0.0-174 0.0612 0.0330
SO.O'" 30.0'" 20.0," 0.0607 0.0939 0.0522 0.0l38 0.0593 olJ368
SO.O," 20.0," 30.0" 00566 OlJ87O OOW 0.0394 0.0554 00364
SO.O," 10.0" 40.0% 00524 0.0749 0~38 0.0360 0.0506 0.0357
SO.O" 0.0" SO.O" 0.0369 0~64 0.0370 0.0275 0.0219 0.0280
40.0" 60.0% 0.0% 0.0679 0.0851 0.0337 0.0465 ol>l8O 0.0098
40.0% SO.O" 10.0" 0.0653 0.0967 0.0524 0.0459 0.0592 0.0337
40.0% SO.O" 10.0" 0.0653 0.0967 0.0524 0.0459 0.0592 0.0337
40.0" 30.0% 30.0" 0.0579 0.0919 0.0532 0.0399 0.0575 0.0393
40.0" 20.0" 40.0% 0.0544 0.0916 0.0576 0.0391 0.0580 0.0424
40.0" 10.0" SO.O% 0.0483 0.0796 0.0482 0.0331 0.0535 0.0385
40.0% 0.0% 60.0" 0.0343 0.03n 0.0327 0.0248 0.0169 0.0251
30.0" 70.0% 0.0% 0.0671 0.0&13 0.0328 0.0462 0.0478 0.0088
30.0% 60.0" 10.0" 0.0606 0.0952 0.0545 0.0434 0.0575 0.0323
30.0% SO.O% 20.0% 0.0584 0.0916 0.0543 0.0403 0.058S 0.0380
30.0% 40.0% 30.0" 0.0568 0.0932 0.0569 0.0404 OJ)620 0.0436
30.0" 30.0% 40.0'" 0.0526 0.0879 0.0556 0.0375 0.0611 0.0417
30.0" 20.0% SO.O% 0.0476 0,0835 0.0571 0.0356 0.0551 0.0419
30.0% 10.0" 60.0" 0.0423 0.0702 0.0<63 0.0316 0.0520 0.0390
30.0," 0.0% 70.0% 0.0336 0.0384 0.0322 0.0247 0.0154 0.0250
20.0" SO.O'" 0.0" 0.0671 0.0850 0.0360 0.0Wl 0.0450 O.OOIS
20.0," 70.0" 10.0'" O.ll66O 0.1062 0.0612 0.0l38 0.0612 0.0382
20.0" 60.0" 20.0" 0.0582 0.0974 0.0614 0.0399 0.0611 0.0422
20.0'" SO.O" 30.0" 0.0546 0.0902 0.0580 0.0376 0.0576 0.0412
20.0" 40.0" 40.0" 0.0534 0.0893 0.0549 0.0374 0.0593 0.0.05
20.0" 30.0" SO.O" 0._ 0.0ll88 0..... 0.0330 0.0584 0.0456
20.0" 20.0" 60.0" 0.0461 0.0836 0.0555 0.0331 0.0575 0.009
20.0% 10.0" 70.0" 0..... 0.0150 0.0515 0.0309 0.0525 0.0420
20.0" 0.0" SO.O" 0.03Q3 0.0391 0.0325 0.0217 0.0164 0.0220
10.0" 9O.0~ 0,0" 0.0507 0.0718 0.0359 0.0411 0.0417 O.om
10.0% SO.O," 10.0" 0.0492 0.090ll 0.0643 0.0371 0.0526 0.0361
10.0% 70.01 20.0% 0.0512 0.0959 0.0645 0.0347 0.0528 0.0391
10.0" 60.01. 30.0" 0.0485 0._ 0.0661 0.0339 0.lJ592 0.0448
10.0" SO.O" 40.0% 0.... 0.0952 0.0662 0.0324 0.0620 0.G476
10.0" 40.0" SO.O" 0.0490 0.09S0 00656 0.0317 0._ o.o.an
10.0" 30.01 60.0" 0.0142 00901 00637 0.1)'" 0.05ll9 0 ....
10.0S 20.0," 70.0" 0.0396 0.0864 0.0629 0.0261 0.0573 0.0475
10.0" 10.0S 80.0" 0.0351 0.0686 0.0523 0.0242 0.0471 0.0405
10.0"" 0.0" 90.0" O.om 0.0418 0.0342 0.0167 0.0153 0.0192
0.0,," 100.0" 0.0" 0.0112 0.0393 0.0363 00267 0.0272 0.0063
0.0% 90.0% 10.0" 0.0140 0.0676 0..... 0.0256 0.0470 00375
0.0% SO.O" 20.01. 0.0165 00736 0.0687 0.0244 0.0439 0.009
0.0" 70.0" 30.0" 0.0168 0.0743 00678 0.0211 0.0527 0003
0.0% 60.01. 40.0% 0.0148 0.0768 0.0723 0.0202 0.0527 0.0484
0.0'" SO.O% SO.OS 0.0167 0.0766 O.(flfYI 0.0181 0.0539 0.0495
0.0'" 40.0% 60.0" 0.0165 0.0831 0.0746 0.0146 0.0521 0.0486
O.OS 30.0" 70.0" 0.0193 0.0857 0.0774 0.0129 0.0501 0._
0.0" 20.0" 80.0" 0.0196 0.0816 0.0726 0.0106 0.1)459 0.0438
0.0" 10.0" 90.0" 0.0184 0._ 0.0614 0.0077 0.0408 0,0397
0.0" 0.0% 100.0" 0.0155 0.0376 0.0349 0.0000 0.0076 0.0076
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Tl'lbJe 8. Standl'lrd devilltion ob6erved oYer 500 limulaHons at eAch stock miJr:ture. MIXture sampiel of 100
fish wc~ corutnlcted by Mrnpling with replM:-ernt!nt from stock SUondllrd data on fish of known

stock origin; agc 1.3 Yukon Ri\'er chinook salmon in 1993

Stock Mixlure Clauific,lllion EshrMtor Maximum ~lihood Ettimator

Lower Maddie Upper 1.0_, Maddie Upper low.. Middll! Upper

100.0", O.OS 0.0", 0._ 00247 0.0356 0.0204 00001 00204
9O.0S 10.0S O.OS 0.0423 00387 0.0320 0.0256 0.0253 00304
9O.0S O.OS 10.0", 0.0534 0.02ll5 O.om 0.0321 0.0093 00340
8O.0S 2O.0S O.OS 0..... 0.0395 0.0320 0.0288 0.0006 0.0324

80.0"' 10.0S 10.0S O.OS28 0.0416 0.0609 0.0356 0.0321 0.0464
8O.0S O.OS 2O.0S O.OS15 0.0333 0.0634 0.0340 0.0132 00368
1O,OS 3O.0S O.OS 0.0·11I 0.0442 0.0340 0.0318 0,0339 0.0321
100S 2O.0S 100S 0.0508 00414 00602 0.0364 oo·no 0.0510
1O,OS 10.OS 2O.0S O,OS71 0,OS13 0..... 0.0378 OJX319 00505
7O.0S O.OS 3O.0S 0.0545 0.0376 O.lJ65O 0.0389 0.0119 00424
60.01 40.01 O.OS 0.0431 0.0451 ...2.3 0.0321 0.0366 0.0305
6O.0S 30.01 10.01 0.0497 0.0506 0.0S92 0.0365 0.0420 0.0477
60.01 2O.0S 20.0", O.OS22 0.0516 0.0655 0.0378 O.om OOS13
60.0", 10.0S 3O.0S 0.0530 0,0526 0.0726 0.0372 00439 00568
6O.0J. 0.01 40.01 0.0561 00138 00726 0.0.05 00200 0.0460
SO.OS SO.O% O.OS 0.0426 0.0472 0,0351 0.0351 0.0411 00365
SO,OS 4O.0J. 10.0S 0.0441 0.<l542 0.0595 0.0357 0.0451 0.0521
SO.OS 30.01 2O.0S 0.0481 0.059S 0.0720 0.0374 0.0l87 0.0563
50.01 20.0% 30.0% 0.0535 0.0563 0.0705 0.0399 0.0473 0.0558
SO.O% 10.01 40.0% 0.0514 0.0533 0.0708 0.0402 0.0434 0.0585
SO.O% 0.0"' SO.O% 0.0516 0.0462 0.0713 0.0388 0.0242 0005
40.0% 60.01 0.0\ 0.0380 0.0434 0.0320 0.0323 0.0389 0.0357
40.0% SO.OS 10.0\ 0.005 0._ 0.0597 0.0344 0.0472 0.0514
40.0\ 40.0," 20.0'" 0.0486 0.0608 0.0691 0.0319 0.0518 0.0563
40.0," 30.0," 30.0," 0.0.190 0.0596 0.0754 0.0372 0.0524 0.0608
40.0% 20.0% 40.0% 0.0513 0.0642 o.rrm 0.0378 0.0541 0.0609
40.0," 10.0% SO.O," 0.0489 0.0562 0.0751 0.0374 0.001 0.0565
40.0% 0.0% 60.0", 0..... 0.0501 0.0686 0.0369 0.02ll4 0.0457
30.0," 70.0", 0.0"' 0.0384 0.0468 0.0324 0.0309 0.04.20 0.0355
30.0\ 60.0," 10.01 0.0427 0.0594 0.0663 0.1l345 0..... 0.0539
30.01 SO.Ol 20.01 0.0436 0.0610 0.0'l04 0.0352 0.0528 0.0586
30.0", 40.0% 30.0", 0.04.94 0.0598 0.0720 0.0373 0.0551 0.0617
30.0% 30.01 40.0", 0.0482 0...... 0.ll733 0.0382 0.0553 0.0624
JO.O", 20.01 SO.Ol 0.04.58 O.om 0.0720 0.0361 0.0535 0_
30.01 10.01 60.0% 0.0465 0.0574 0.0749 0.0362 0.0491 0.0597
30.0,," 0.01 70.0,," 0.0469 0.0531 0.07)0 0.0360 0.0298 0.0461
20.0"" SO.Ol 0.01 0.0361 0.0434 0.0310 0.0307 0.0412 0.0378
20.0"" 70.0"" 10.01 0.0393 0.0628 0.0633 0.0317 0._ 0.0526
20.0,," 60.0"' 20.0"" 00426 0.0685 0.0745 0.0340 0.0533 0.0563
20.01 SO.OS 30.01 0.0470 0.0629 0.0719 0.0348 0.0557 0.0586
20.0"" 40.01 40.01 0.0439 0.0663 0.0'l92 0.0338 0.<l583 0.0638
20.0% 30.0% SO.O% 0.0454 0.0663 0.0814 0-0341 0.0548 0.0639
20.01 20.01 60.0"' 0..... 0.0623 0.0745 0.0363 0.0549 0.0622
20.0", 10.0% 10.01 0.0494 0.0614 O.om 0.0340 0.0511 0.059S
20.01 O.O~ SO.Ol 0.0463 0.0513 0.0763 0.0340 0.0317 004S8
10.0% 90.0% 0.0", 0.0380 0.0«0 00312 0.0261 0.0420 00315
10.01 SO.O% 10.0", 0.0391 0.0621 0,0632 0.0291 0.0l87 0.05t2
10.0S 70.01 20.0", 0.00Jl 0.0682 0.0717 0.0308 0.0516 0.0558
10.0", 60.01 300\ 0.0425 0lJ7Zl 0.0191 0.0299 0.<l588 0.0633
10.0", SO.O% 40.01 0...,. 0.0661 00745 00006 0.0589 00617
10.0", 40.0,," SO.Ol 0._ 0.0662 00788 0.0322 0.0512 00620
10.0% 3O.0S 60.0", 0.0431 0 .... 0.0773 0.0305 0.0561 0,0613
10.0J. 20.01 70.0", 0.0453 0..... 0.0764 0.0311 0.0582 0,0629
10.0"' 10.01 SO.Ol 0.0469 0.0624 0.0'791 o.o:m 0.0510 0.<l588
10.0"" 0.0,," 90.0"' 0.0418 0.<l583 O.om 0.0319 00353 0.0483
0.0", 100.0", OOS 00266 0.m91 0.0291 0.0053 0.0319 0,0317
0.0", 90.0", 10.0% 00308 0.0617 O.ll606 0.0090 0.0410 00469
O.OS SO.Ol 20.0", 0.0308 0.0748 00786 0.00d9 0.0555 0.0563
0.0"" 70.0", JOOI 00325 00693 0.0724 0.0104 0.0563 00S66
0.0,," 60.0,," 40.0\ 0.0322 00673 0.0'l29 0.0095 0.0574 0.0574
0.0"' SO.O", SO.O,," 0.0335 0.0615 0.0751 OJtlo.1 0._ 0......
0.0% 40.0", 60.0,," 0.0346 0.0693 O.o1SS 0.0113 0.0610 0.0612
0.0", 30.01 7001 0.0333 0.0661 0.0715 0.0109 0.<l588 0.0586
0.01 20.01 SO.O\ 0.0350 0.1l6S6 0.0769 0.0115 0._ 0.0545
O.O~ 100," 9O.0S 0.0341 0.0655 0.0742 0.0087 0.0507 0.0510
0.0,," O.OS loo.0S 0.0371 0._ 0.0734 0.0081 0.0361 0.0367

17



TabMo9 StAndard dev~tlOn observed o""r SOOsimul<llions at eKhslocl. mixture, Mixture samp~ of 100
fish _re conslructed by Nmpling with repl.amml from $tocl. su.ndard dati on fish 0( known

stock origin; Ige 14 Yu\..on Ri...erchinook plmon in 1m.

Stock Mixture a.wifialhon Estimator Maximum Uklihood Estimator
1.0_, MKldMo Upper Lo-, Middle Upper Lower MiddMo Uppt:r

100.0" 0.0" 00" 0.0329 0.0276 0.0257 0.0186 0.0181 00058
90.01. 10.0% 0,01. 0.0417 0.0475 0.0310 0.0271 OOJOS 0.0203
90.0" 0.0" 10.0" 0.0430 0.0000 0.0189 0.0288 0.0002 0.0306
SO.01. 20.0% 0.0" 0.0400 0.0497 0.0358 0.0000 0.0354 0.0251
80.0% 10.0% 10.0" 0.0450 0.0514 0.0571 0.0320 0.0415 0.0378
80.0% 0.0% 20.0" 0.0439 0.0310 0.0522 0.0313 0.0325 0.0343

70.0" 30.0% 0.0% 0.0430 0.0542 0.0391 0.0316 0.0379 0.0271
70.0% 20.0% 10.0% 0.0436 0.0571 0.0566 0.0339 0.0437 0.0408
70.0% 10.0% 20.0% 0.0449 0.0559 00600 0.0335 00440 0.0413
70.0" 0.0% 30.0% 0.0473 0.0329 0.0574 0.0335 00344 0.0387
60.0" 40.01. 0.0% 0.0403 0.0540 0.0377 0.0332 00413 0.0291
60.0% 30.0% 10.0" 0.0434 oOMS 0.0610 0.0348 0.ll488 0.0430
60.0% 20.0" 20.01. 0.0420 0.0615 0.0661 0.0355 00497 004n
60.0% 10.01. 300" 0.0·116 00598 00631 0.0346 0.0507 Ol>l87
60.0" 0.01. 40.0% 00437 0.0330 00537 00343 00346 00401
50.0% so 0% 0.0% 0.0422 0.0606 00421 0.0327 0,(4)9 00311
50.0% 40.0% 10.0% 0.0403 00662 00635 0.0345 0.0524 0.0469
50.0" 30.0" 20,0" 0.0439 0."",, 0.0649 0.0371 00555 00512
50.0" 20.0% 30.0% o.o-m 0.0633 00671 0.0327 00550 0.0516
50.0% 10.0" 40.0% 0.0-122 0,0637 00666 0.0338 00522 0,0497
SOO% 0.0" 50.0" 0.0427 00367 00564 0.0319 0,0357 00394
40.0" 60.0" 0.0" 0.03ll4 0.0548 00420 0.0343 0.().I28 0.0009
40.0% 50.0" 10.0% 0.03ll4 0.0678 0.0660 0.0343 0.0510 0.0478
40.0% 40.0% 20.0% 0.0421 0.0694 0.0707 0.0347 0.0511 0.0485
400" 30.0" 30.0" 0.0416 0.0694 00709 0.0349 00551 0,0522
40.0% 20.0% 40.0% 0.0400 0.0657 0.0714 0.0313 0.0533 0.0532
40.0" 10.0" 50.0% 0.0434 0.0637 0.0722 O.om 0.Q.187 0.0520
40.0% 0.0% 60.0% 0.0416 0.0064 0.0555 0.0313 0.0349 0.0392
30.0% 70.0% 0.0" 0.0375 O.OS96 0.0440 0.0324 0.0447 0.0353
30.0% 60.0% 10.0" 0.0393 0.0714 0.0688 0.0327 0.0554 0.0510
30.0% SO.O" 20.01. 0.0402 0.0?S6 0.0737 0.0349 0.0588 0.0551
30.0% 40.01. 30.0% 0.0382 0.0736 00731 0.0329 OOS71 0.0555
30.01. 30.01. 40,01 0.0403 0.0713 0.0730 0.0326 00565 0.0539
30.0% 20.0% 500% 0.0400 0.0719 0.0771 0.0312 O.05n O.05n
30.0% 10.0% 60,0" 0.0411 0.0629 0.0716 0.0002 0.0514 0.0529
30.0% 0.0% 10.0% 0.038'l omn 0.0565 O.om 0.0329 0.0361
20.01. 80.01 0.0% 0.0358 0.0567 0.0459 0.0305 0.0412 0.0341
20.0% 70.0" 10.0% 0.0064 0.0748 0.l1l25 0.0313 0.0564 0.0504
20.0" 60.0" 20.0% 0.0362 0.0826 00189 0.0301 00600 0.0555
20.01. SO.O" 300% 0.0385 0.0757 0.0781 0.0319 0.""" 00596
20.01. 40.01 4O.0~ 00368 0.0749 00760 0.0289 00555 0.0548
20.0" 30.01 50.0% 0.0386 O.om 0.CTl33 O.om 0.0578 0.0557
20.0'1. 20.0% 60.01 0.0386 0.0736 0.0778 0.0268 0.0575 0.0552
20.0'4 10.01. 10.0'1 0.0314 0.0674 0.l1l25 0.0259 0,0528 0.0507
20.0" 0.01 SO.O'1. 0.0377 0.0373 00S34 0.0248 0.02'J6 0.0344
10.0% 90.0" 0.0% 0,0329 0.0568 0.0467 O.om 0.0424 0.0336
10.0" 80.0% 10.0% 0.0358 0.0772 0.0713 0.0285 0.0532 0.0499
10.0" 70.0% 20.0% 0.0360 0.0853 0.0819 0.0270 0.0610 0.0586
10.0% 60.0% 30.0" 0.0349 0.0803 0.0790 0.0261 0.0588 0.0563
10.01. SO.O% 40.0% 0.0357 0.0804 0.0804 0.0256 0.0618 0.0600
10.0% 40.0" 50.0.... 0.0341 0.0808 0.0791 0.0242 0.0614 0.0519
10.0" 30.0% 60.0," 0.0358 0.0731 0.0758 0.0243 0.0569 0.0568
10.0" 20.0% 100"" 0.0352 0.0772 00794 0.0228 0.0579 0.0556
10.0" 10.0% 80.01 0.0370 0.0684 0.0751 O.om 0.0506 0.0509
10.0% 0.01. 90.0" 0.0338 0.0396 OOSOO 0.0200 00310 00336
0.0" 100.0" 0.0" 0.0122 0.0512 00506 0.0163 0,0394 0.0381
00" 90.0" 100% 0.0132 00758 0.0743 0.0141 oll559 oIl539
0.01 80.0," 20.0" O.Qln oiI11l5 0.0774 0.0136 0.0570 0.0S55
0.0" 70.0% 30.0" 0.0165 0.""" 0,0801 0.0112 0.0598 0.0592
0.0% 60.0" 40.0" 0.0181 0.0774 0.0779 0.0094 0.0611 0."""
0.0" 5O.0J, SO.O" 0.0189 O.om 0.0763 0.0084 0.0605 0.0592
0.0" 40.0" 600" 0.0218 0.0009 0.0813 0.0076 0.0598 00593
0.0" 30.0" 700< 0.0214 00799 0.l>l27 00068 006<ll 00601
0.0% 20.0% so 0< 0,0240 0.0747 00761 0.0057 00S34 0,0531
0.0% 10.0% 900" 0.0263 0.0700 0.0742 0.0041 00509 0.0510
0.0" 0.0% 100.0" O.om 0.0380 0.0474 0.0000 0,0241 0.0241
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Table 10. Rool mean squa~C'ITOrot.-rvcd ovC'r 5OOsimuwlioru al C'.c::h sloel, mixlure. Mixlur'C' Nlmples of
100 (ish welT OOfl5lructed by Nlmpling with rC'pW«m«'nl (rom stoc~ 5land.ud data on (ish o(
knownslock origll'l; IIgC' 1..3 Yukon RiV4!rchlOOO~ ....imon in 1992.

Stoc~ Mixlure CLusific.tion ahm.tor Maximum U~lihood Estirnltor
Low<, Middle UppC'r Lo_, Middle UppC'r Lo_, Middle UPJlC'J
100.0" 0.0"" 0.0" 0.0145 0.0327 00285 0.0030 0.0022 0.0020
90.0,," 10.0"" 00,," 0.0165 0.0511 0.0314 0.0240 0.0316 0.0143
90.0" 0.0,," 10.0"" 0.0427 0.0328 0."" 0.0221 0.0124 0.0282
80.0" 20.0" 0.0" 0.0475 0.0537 0.0293 0.0276 0.0380 0.0172
80.0" 10.0,," 10.0" 0.0333 0.0569 0.0570 0.0289 0.0340 0.0377
80.0% 0.0" 20.0" 0.0422 0.0384 0.0526 0.0226 0.0205 0.0336
70.0" 30.0" 0.0" 0.0515 0.0557 00254 0.0302 0.0427 0.0219
70.0" 20.0" 10.0" 0.0347 0.0686 00636 O.om 00406 0.0405
70.0" 10.0" 20.0"" 0.0351 0.0646 oCJ68.I 0.0277 0.0412 0.04711
70.0,," 0.0" 30.0" 0.0426 0.0319 O.OSOS 0.0226 0.0237 0.0347
60.0% 40.0,," 0.0" 0.0521 0.0592 0.0306 0.0298 0...... 0027S
60.0"" 30.0% 10.0" 0.0343 0.0742 O.06n 0.0264 0.0417 0.0397
60.0% 20.0% 20.0% 00338 0.0743 0.0730 0.0257 0.0431 0_
600. 10.0% 30.0" 0.0352 0.0650 00684 00246 0.0449 0.0493
60.0" 0.0" 40.0% 0.0405 0.0453 00602 0.0241 0.0342 0.0427
SO.O," SO.O'" 00' 00550 0.0593 oom 0.0283 0.... 0.0331
50.0" 40.0"" 10.0'" 0.0338 0.083<1 0.0733 0.0271 0.0469 0.0435
50.0" 30.0,," 20-0" 00326 0.0ll05 007'J0 0.0274 00477 0.0490
SO.O"" 20.0"" 30.01 0.0066 0.0762 0.0763 0.0256 0,0531 00567
50.0" 10.0" 400"" 0,0357 0.0685 0.0706 0,0265 00528 0.0564
SO,O" 0.0" SO,O" 00368 0.0374 0056J 0.0244 0.0360 00435
400" 60.0" o.m~ OJU73 0.0541 00282 0.0290 0.0524 0.0367
40.0" SO.O"" 10.0" 0.0325 0.0821 00729 0.0264 0.0450 0.0440
40.0% 40.0" 20.0" 0.0302 0.0929 0.0930 0.0244 0.0510 0.0526
40.0" 30.0" 30.0" 0.0332 0.0849 00:173 0.0261 0.0542 0.0549
40.0" 20.0" 40.0" 0.0066 0.0827 0.0841 0.0276 0.0614 0.0637
40.0" 10.0" 50.0" O.ro99 0.0750 0.0781 0.0281 0.0591 0.0618
40.0" 0.0" 60.0" 0.0374 0.0418 0.0633 0.0278 0.0425 0.0498
30.0" 70.0" 0.0% 0.0462 0.0539 0.0324 0.0250 0.0558 0.0455
30.0" 60.0" 10.0" 0.0321 0.0899 0.= 0.0235 0.0516 0.0507
30.0"" 50.0" 20.0" 00324 0.0952 0.0941 0.0256 0.0519 0.0523
30.01 40.0"" 300" O.ln3O 0.0953 00958 0.0255 0.0566 0.0551
30.0" 30.01 40.0" 0.0334 0.0931 00929 0.0262 0.0636 0.0635
30.0" 20.0,," 50.0" 0.0383 0.0872 00880 0.0267 0.0645 0.""
30.0"" 10.0" 60.0" 0.0412 0.0783 0.0851 0.0271 0.0655 0.0685
30.0,," 0.0" 70.0" 00385 0.0071 0,0624 0.0262 0.0472 0.0528
20.0% 80.0% 0.0% 0..... 0.0476 0.0274 0.0213 0.0568 0.0532
20.0" 70.0" 10.0" 0.0319 0.0940 0.0ll05 o.022lI oll570 0.0572
20.0" 60.0% 20.0" 0.0304 0.1026 0,1002 0.0Zl0 0.0510 0.0531
20.0% 50.0" 30.01 0.0318 0.1016 0.1035 0.0251 0.0584 0.0609
20.0" 40.0% 40.0" 0.0356 0._ 0.0945 0.0260 0.0601 0.0622
20.0" 3O.0S SO.O" 0.0371 0.0877 00921 0.0240 0.0649 0.0662
2O.0S 20.0" 60.0" 0.0422 0.ll868 0..... 0.1J265 0.0746 0.0762
20.0"" 10.0" 70.0" 0.0456 O.rtm 0.0813 0.0259 0.0692 0.0716
2O.0S 0.0% 80.0" 0.0407 0.0418 0,0670 0.0280 0.0482 0.0534
10.0" 90.0% 0.0% 0.0368 0.0467 00319 0.0184 0.0670 0.0686
10.0% So.o% 10.0% 0.0285 0.0936 00820 0.0192 0.0601 0.0644
10.0% 70.0% 20.0% 0.0282 0.1203 0.1148 0.0206 0.0564 0.0601
10.0,," 60.0% 30.0% 0.0311 0.1177 0.1176 0.0217 0.0579 0.0592
10,0% 50.0" 40.0" 0.0317 0.1019 0.1015 0.0240 0.0603 0.0607
10.0" 40.0% SO.O% 00380 0.0955 0.1014 0.0229 0.0670 0.0688
10.0" 30.0% 60,0" 0.0442 OJ)921 0.1001 0.0248 0.0723 0.0759
to.O" 20.0" 70.0% 0.0477 0.0954 0.0952 0.0243 0.0710 o.rrm
10.0" 10.0" 80.0% 0.0521 0.0772 0.0803 0.0241 0.0712 0.0776
10.0" 0.0" 90.0" 0.0506 OJU12 0.0742 0.0249 0.0533 0.0614
0,0" 100.0% 0.0" O.(X)9l 0.0308 00283 OOסס.0 0.0782 00782
0.0" 90.0% 10.0% 0.012.. 0.~4 01841 0.0054 00656 00649
0.0% 80.0'1 20.0" 0.0176 0.1177 (U2l7 O.ron 0.0600 00594
0.0% 7O.0S 30.0" 0.0218 0.1125 01193 0.0089 0.0569 0.0573
0.0% 60.0% 40.0" 0.02ll9 0.1051 0.1120 0.0104 0.0596 0.0612
0.0% SO.O% SO.O% 0.0333 0.1008 0.1071 0.0106 0.0620 0.0643
0.0" 40.0% 60.0% 0.0402 0..... 0.1070 0.0134 0.ll696 0.0749
0.0% 30.0" 700" 0.0475 0.099? 0 .... 0.0131 0.0735 O.rtm
0.0% 20.0% 80.0" 0.0540 0.1061 0.1027 0.0150 0.0716 0.0776

0.0" 10.0% 900. 0.0602 0.""" 00835 0.0145 0.0715 0.0769
0.0% 0.0% 100.0% 0.0631 0.0443 0.0887 0.0134 0.0187 0.0548
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T/lhkll Root ~an sqUilrl"d rrmr obsrrvrd o\lt'r 500 JUTlUlIltIOAS.I rilCh ~IOCk mi.du~, MiXture n.mple. of
100 fi5h wrre rorulructC'd b)' Ulmpling willi rt'p~mrnl from Jlocl.. Jtillndard dilll;tl on fash of
lnown Jloc}, ongm; agr 14 Yukon Ri\lt'rchinook Ullman Ul 1m.

Stock Mixturr ClAssific.tion &luNllor M;II.ximum ~Iihood Eslunalor

Low" Middk Upper low<' MKidw: Upprr Low" MKidlt: Upper

100.0~ O.O~ O.O~ 0.0657 0.0628 0,0160 0.0286 0.0286 OOסס.0

90.0'.' 10.0'.' 0.0'.' 0.0688 0.0745 0,0213 0.0393 0.0399 0.0046
90.0% 0.0% 10.0~ 0.0491 0.0563 00273 0.0332 0.0390 00202
SO.O% 20.0% 0.0'.' 0.11795 0.0857 00239 0.0478 0.0480 0.0059
SO.O% 10.0% 10.0% 0.0631 0.0850 0.0365 0.0425 0.0523 0.0248
80.0% 0.0% 20.0% 0.0446 O.05SO 0.0306 0.0355 0,0401 0.0243
70.0% 30.0"" 0.0% 0.0790 0.0869 002n 0.0478 0.0489 0.0076
70.0% 20.0% 10.0% 0.0657 0.0878 00413 0.0465 0.0561 0.0279
70.0,," 10.0% 20.0% 0.0583 0.0805 00409 OJ)(21 0.0552 0.0308
70.0,," 0.0% 30.01. 0.0500 0.0623 00334 0.0065 0.0355 0.0245
60.0,," 40.0% 0.0% 0.07S8 0.0837 0,0333 0.0457 0,()(68 0.0015
6O.0~ JO.O% 10.0% 0.0661 0.0927 0..63 0.0464 0.0575 0.0301
60,01. 20.0% 20.0% 0.0583 0.0843 o..n 0.0<23 0.0543 o lll36
60.0,," 10.01. JOO1. 0.lJ54.l 0.U778 oom 0.0388 0.0527 0.0352
60.01. 0.0,," 40,0"" 0.0444 0.0529 00350 0.0360 0.0281 00284
SO.O"" SO.O"" 0,0,," 0.0'741 0.0830 00366 O.OUI 0.0432 0.009S
SO.O~ 40.0"" 10,0,," 00656 0.1).60 00515 0.0474 0.0612 0.QJ30
SO.O'.' 30.0% 200"" 0.0613 0.ll93'l 0.,25 0.0439 0.0593 0.0368
SO.01. 20.0% 30.0% 00567 00873 00499 0.0400 0.0555 00373
SO.01. 10.0% '" O~ 00530 0,0749 0O-W7 0.0390 00508 0.0370
SO.O~ 0.01. 500~ 00409 0.0527 00377 0,0351 0.0237 00308
40.0'.' 60.0% 001. 0.0806 0.0880 0,0397 0.0466 0.0l8(l 0.0101
40.0~ SO.O"" 10,0% 0.1]709 0..... 0,0524 0.04.59 0.0595 0.0339
40.0% SO.O% 100~ 0.0709 0..... 0.0524 0.0459 0.059S 0.0339
40.0% JO.O% JO.O% 00609 0092J 0,0542 0.0408 0.0575 0.0400
40.0% 2O.0~ 40.0~ 0.0548 0.0920 00595 0.0399 0.0580 0.0433
40.0% 10.0% SO.O% 0.0493 0.07% 00492 0.0360 0.0535 0.040'7
40.0% 0.0,," 60.0"" 0.0364 0.0428 0.0339 0.0311 0.0179 0.0282
30.0"" 70.0"" O.O~ 0.0830 0.0887 0.0391 0.0462 0.0479 0.0091
30.0% 60.0% 10.0,," 0.0130 0.1031 00545 0.0436 0.0575 0.0325
30.0% SO.O% 200% 0.06S4 0.0949 00545 0.0403 0.0587 0.0384
30.0,," 40.0"" JOO% 0.0606 0.0938 00580 0."" 0.0621 0.....
3O.0~ 30.0,," 400% 0.0537 00llJ9 0.,73 0.0378 00613 0.0427
30.01 20.0% so 0,," 0.0488 0.08:>5 0.0S89 0.0371 0.0551 OJ)(31
30.0"" 10.0'1 6O.0~ 0.0<23 0.0718 0.0493 0.0329 0.0524 0.0421
30.01 0.0,," 70.0% 0.0345 0.0439 0""" 0.ll2'J4 0.0159 0.0277
20.0"" 80.0% 0.0,," 0.0880 0.0922 00418 0.0<42 0.0455 0.0078
20.01. 70.01 10.0% 0.0823 0.1171 00612 0.0438 0.0613 0.ll386
20.01. 6O.0~ 20.0,," 0.0691 0.102B 00616 0.0399 0.0615 0.0425
2O.0~ SO.Ol. 30.01. 0.0623 0.0914 0.0600 0.0376 0.0585 0.006
20.01. 40.01. 40.01. 0.0584 0.l>l97 0,0571 0.0375 0.0597 0.0415
20.0'.4 JO.O,," SO.O,," 0.0510 0..... 00622 0.0337 0.0584 0.0462
20.0,," 20.0,," 600% 0.ll466 0.0855 OJ)60" 0.0335 0.0581 0.0460
20.0"" 10.0~ 70.0,," 0..... 0.0'765 0.0545 0.0324 0.0529 0.0450
20.0,," O.O~ 80.01. 0.00<>1 0.0435 00366 0.0262 0.0170 0.0243
10.0% 90.0,," O.O~ O.om 0.U778 0.0424 0.0418 0.0427 0.0075
10.0% 80.0% 10.0~ 0.0697 0.1023 0,0644 0.0374 0.0535 0.0364
1O.0~ 70.0'.4 20.0' 0.0671 0.1026 0.0648 0.0349 0.0542 0.0401
10.0% 60.0"" 30.0,," 0.0597 0.0976 0.0676 0.0340 0.0605 0.0459
10.0,," SO.O~ 40.0% 0.0571 0.0976 00671 0.0324 0.0621 0.0478
10.0"" 40.0"" SO.O'.4 0.0533 0.0950 0.0682 0.0317 0,()601 0.0480
10.0,," 30.0' 60.0' 0.0460 0.0905 00671 0.0287 0.0593 0.0498
10.0% 20.0"" 700"" 0.0407 O.~O 0.0658 0.0271 0.0573 0.0082
10.0"" 10.0' SO.O,," 0.0351 0.0'712 0.0558 0.0252 0.0476 O.om
10.0,," 0.0,," 90.0"" 0.ll271l 0..... 0.0407 0.0201 0.0158 0.020S
0.0,," 100.0"" 0.0,," 0.0117 0.0>63 O.aul 0.040ll 0.0425 0.0066
QO~ 90.0"" 100% 0.0144 0,0676 0.064<l 0.0379 0.0606 o ll389
0.0"" 80.0"" 20.0" a.oln 0.0738 ,10694 0.0337 0.0582 Oo.w7
0.0,," 70.0"" 3(1O,," 0.0177 0.0'745 0.0678 0.0297 0.0619 0.....
0.0,," 60.0,," 40.0% 0.0156 0.0771 0.0723 Q0268 0.0607 0.0500
{I.O,," SO.O"" SO.O' 0.0181 Ml7S 0.0709 0.0235 0.0602 0.0508
0.0,," 40.0,," 60.01 0.0180 0.0ll38 0.0747 0.0181 0.0558 0.0495
0.01 3(1.0,," 70.0"" 0.0216 0.0ll?ll 0""'" 0.0155 0.0543 0.0498
O.O~ 20.0,," 80.0,," 0.0225 0.0ll29 0.0727 0.0125 0.0082 0.0445
0.0"" 10.0,," 900,," 0.0222 O.om 0.0617 0.00ll6 0.0449 0.0425
0.0,," 0.0,," 100.0% 0.0202 0.0422 0.0474 OOסס.0 0.0078 0.0078
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Table 12. Root meiln squa~l error observed over SOOsimulations at eilCh stoc~ mixture. Mixture samples of
100 fish were cOllstrncted by uml,ling with replacement from stock stalldard data on (ish of
known stoc~ origin,; age 1.3 Yukon Riverd\lnoo~ salmon in 1993.

Stock MiJI"lu", C1usilication Estimator Maximum Lil..elihood Estimator

Low« Middle Upper Lower MKldle Upper Lower Middle Upper

100.0% 0.0% 0.0% 0.0537 0.0297 0..... 0.0268 0.0001 0.0268
90.0% 10.0'" 00% 0.0479 0.0389 0.0369 0.0269 0.0299 0.0389
90.0% OO~ 10.0% 0.0542 00363 0.0608 0.0348 0.0102 0.035:l
8O.0t. 20.0% 0.0t. 0.0l33 0.0395 0..... 0.0294 0.0361 0.00&11
BO.O% 10.0% 10.0% 0.052B 0.0491 0.0622 0.0369 0.0359 0.0525
80.0% 0.o" 20.0% 0...... 0.0429 0.ll646 0.0358 0.0149 0.Ql71
70.0% 300% 0.0% 0.009 0044J 0.11390 0.0325 00386 0.0413
70.0% 20.0% 10.0% 0.0509 00491 0.0619 00370 00.&37 0.0555
70.0% 10.0% 20.0" 0.0577 0.0536 00687 0.0380 00400 00532
1O.0t. 0.0% 3O.0t. 0.0565 OOSl8 00683 0.0393 0.0209 0.0427
60.0% 4O.0t. 0.0% 0,0442 00453 0.0317 O.Ql29 00416 00382
60.0% 30.0% 10.0% 0.0502 0.0515 0.0614 0.0368 ol>I38 0_
6O.0J. 20.0% 200'" 0.0523 0_ 0.0688 0.0381 0.0429 0.0527
60.0'" 10.0," 30.0% 0.0S30 0.0581 00770 o.ron 00144 00573
60.0", 0.0", 40.0% 0.0581 0.0614 0.0780 0."""' 0.0234 0.0467
SO.O% SO.O% 0.0'" 0.0435 0...., 0..... 0.0359 0.0467 0.0469
SO.O% 40.0% 10.0% 0.0453 005SO 00619 0.0360 0,0475 00548
SO.O," 30.0% 20.0% 0...., 00633 0.0766 0.0374 0.0491 00569
SO.O% 20.0% 30.0," 0.0535 0.0617 0.0746 0.0401 0.0477 0.0567
SO.O% 10.0% 40.0% 0.0517 0.0632 0.0766 0.0402 0.0435 00585
SO.O% 0.0% SO.O," 00531 0.0653 0.0789 0.0388 00293 0._
40.0% 6O.0t. 0.0," 0.0380 0.0458 0.0360 0.0325 0.0460 0.0<58
40.0% SO.O% 10.0% 0.0444 0.0560 0._ 0.0348 0.0498 0.0555
40.0% 40.0% 20.0% 0.0502 0.0625 0.0742 0.0379 0.0523 0.0565
40.0," 30.0% 30.0% OJ).1I}O 0.0651 0.0803 0.03n 0.0525 0.0609
40.0% 20.0% 40.0% 0.0513 0.0710 0.0836 0.0378 0.0541 0.0609
40.0% 10.0% SO.Ot. 0.0489 0.0674 0.0830 0.0375 0.0437 0.0567
40.0% 0.0t. 60.0% 0.0487 0.0753 0.0865 0.0369 0.0349 0.0509
30.0% 70.0% 0.0," 0.0384 0.0504 0.0363 0.0310 0.0525 0.0494
30.0% 60.o" 10.0" 0.0452 0.0598 0.0698 0.0345 0.0513 0.0566
30.0," SO.O% 20.0% 0.0442 0.0628 0.0739 0.0353 0.0540 0.0603
30.0" 40.0" 30.0'" 0._ 0.0636 0.0789 0.0373 0.0557 0.0617
30.o" 30.0% 40.0" 0.0484 0.0659 0.ll798 0.0382 0.0553 0.0624
30.0'" 20.0% SO.O" 0.0459 0.0676 0.0804 0.0361 0.0537 0.0602
30.o" 10.0% 60.0," 0.0465 0.0698 0.0843 0.0362 0.0494 0.0599
30.0" O.Ot. 7O.0S 0.0470 0.MI7 0.0925 0.0360 0.0391 0.0522
20.0" SO.O" O.OS 0.0367 0..... 0.0349 0.0309 0.0517 0.0514
20.0" 70.0% 10.0" 0,0417 0.0633 0.0669 0.0317 0.0514 0.0553
2O.0S 60.0" 20.0" O.04SO 0.0699 0.ll798 0.0340 0.0541 00570
20.0", 50.0" 30.0% 0 .... 0.0663 0.0792 0.0348 0.0557 0.0581
20.0" 40.0" 4O.0S 00453 0.0730 0.089S 00338 0.0584 0.ll638
20.0" 30.0% SO.O% 00473 0.0747 0.0942 0.0347 0.0551 0.0643
20.0% 2O.0t. 6O.0t. 0.0467 0.0741 olJ873 0..... 0.0554 0.ll625
2O.0t. 10.0t. 7O.0t. 0.0496 0.M16 0.0978 0.0340 0.0532 00610
20.0" O.O~ SO.Ot. 0.0463 0.0ll84 0,1011 0.0344 0.0410 0._
10.0t. 9O.0t. 0.0% 0.0410 0.0539 0.""" 0.0261 0.0557 0.0526
10.0% SO.Ot. 10.0t. 00429 0.0631 0.0681 0.0291 0.0516 00537
10.0" 70.0% 2O.0t. 0.046S 0.0102 0.rm7 0.0309 0.0524 0.0563
10.0S 60.0% 30.0% 0.ll454 0.0737 0.0848 O.rooo 0.0591 00636
10.0S SO.O% 40.0% 0,0479 0.ll693 0.0849 0.0307 0.0589 0.0617
10.0S 4O.0t. SO.O" 0.0468 O.ons 0.0902 0.0323 00577 0.0622
10.0S 30.0% 6O.0t. 00451 ol1722 0.0ll84 0.= 011568 0.0618
10.0S 2O.0S 7O.0S 0..... 0.0620 00973 0.0313 o.o,OS 0.06<3
10.0" 10.0% SO.OS 0.0494 0.(852 0.1079 0.0312 0.0537 0.0605
10.0t. O.OS 9O.0S 0.0494 0.0931 0.1151 0.0322 0.0460 0.0544
O.OS 100.0" 0.0" 0..... 0.ll546 0.0320 0.0056 OJU42 0"""
0.0t. 9O.0t. 10.0t. 0,0424 0.0617 00678 0._ 0.0510 O.lM97
0.0% 80.0% 200~ 0.0413 0.0751 00859 00095 00565 011568
O.OS 7O.0t. 300~ 0.0423 0.0696 0."" 0.0111 0.0565 0.0566
0.0"" 6O.0t. 40.0" 0.0446 O.Olm 0.0823 0.0104 0.0575 0.0574
0.0" SO.O" SO.O" 0.0164 0.0713 0.0932 0.0112 0.0605 0.0616
0.01 40.01 60.01 0.0477 0.<7753 0.0978 0.0124 0.0622 0.0635
0.0" 30.01 70.0% 0.0460 0.0778 01013 0.0119 00603 0.0614
0.0% 2O.0S BO.O% 0.0480 0.0620 0.1124 0.0124 0.0570 0.0583
0.0% 10.0% 90.0"" 0.0470 0.0898 0.1196 0.0092 0.0538 0.0552
0.0% 0.0% 100.0% 0.0504 0.0991 0.1342 0._ 0.0480 0.0503
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Table 13. Root mean 5quared error obsc-rved o~r SOD SimulahON _I e..ch slod, mixture MlXtu~ Ampks of
100 (ish were constructed by wmpling with rep~mcnt(rom stock slan<brd dahl on fish of

known stockorigan; age 1.4 Yut.on River chmook Mlrnon in 1993.

Stocl. Mixture C1u5ificalion EJtun_tor MAXimum Ltl.c1ihood Estunator

tow" Middle Upper Lo~, Middle Upper Lo~, Middle Upper

100.0% 0.0% 0.0,," O.o.a68 003:M 00303 0.0243 00230 00059
90.0% 10.0% 0,0% 0.0460 O.o.a75 003n 00358 0.0320 0.0245
90.0% 0.0"" 10.0,," 0.0410 0.0363 0,0490 00382 0.0439 0.0313
80.0,," 20.0"" 0.0% 0.0451 0.0498 0,0428 0.0386 0.0359 0.0314
80.0% 10.0,," 10.0% 0.0l50 0.0516 0.0573 0.0396 0.0459 0.0380
SO.O" 0.0" 20.0" 0.0474 0.0367 00522 0.0387 0.0465 0.0358
70.0% 30.0% 0.0'" 0,0471 0.0547 0.0469 0.0378 0.0380 0.0354
70.0'" 20,0'" 10.0% 0.0436 0.0574 0.0568 0.0393 0.0449 0.0419
70.0'" 10.0." 20.0% 0.0452 0.0564 0.0613 0.0397 0.0492 0.0413
70.0'" 0.0'" 30.0% 0.0503 0.0389 0.0575 0.04<J.l 0.0477 0.0401
60.0'" 40.0'" 0.0'" 0.0456 00542 00455 0.0374 0.0418 0.0374
60.0,," 30.0"" 10.0'" 0.0<35 0,0649 0,0612 0.0368 0.0492 00435
60.0'" 20.0% 20.0% 0.0420 00615 00661 0.038'l 0.0525 00473
60,0" 10,0% 30,0" 0.0420 00599 00638 0.03~ 0.0552 0.().188
60.0% 0.0% 40.0% 0.l>l87 0.0397 0,0537 o.o·m 0.0474 0.GU3
50.0" SO.O% O.OS 0.... 0.0613 0.0513 0.0351 O.GUil 0.0410
SO.O"" 40.0" 100% 0"'"" 00662 00638 00366 00524 0."""
SO.O" 30.0"" 20,0% ....'40 0.0643 00655 00387 0.0559 00514
SO.O" 20.0" 300" 0,0413 0.0637 0,0681 0.0357 0.0574 00517
SO.O% 10.0" 40,0" 0.0423 0.0637 0.0667 0.0370 0.0580 00507
SO.O" 0.0" SO.O" 0.0l50 0,/).1,30 00569 0.0362 0.0l82 O.om
40.0" 60.0"" 0.0" 0.0<35 0.0556 0.0512 0.0349 0.0469 0/).1,00
400" SO.O" 10.0" 0.0398 00680 0.0662 0.0351 00513 0"'''
40.0"" 40,0" 20.0" 0.0430 00695 0.0717 00358 0.0512 0,0495
40,0"" 30.0" 30.0" 0.0416 0,0697 00713 00356 0.0554 00523
40.0" 20.0" 40.0" 0.0401 0.0661 00722 0.0337 00560 00533
40.0" 10.0% SO.O" 0.0434 0.0637 0.0722 0.0356 0,Cl546 0.0S34
40,0" 0.0" 60.0" 0.0·128 0.0426 0.0568 0.0368 0.0458 0.0405
30.0" 70.0" 0,0" 0.0421 0.060S 0.0531 0.0324 0.0528 0.0452
30.0" 60.0" 10.0" 0,0412 0.0718 0.0690 0.0329 0.0565 0.0529
30.0" SO.O" 20.0" 0.0406 0.0156 0.0741 0.0350 0.0593 0.0560
30.0"" 40.0" 30.0% 0.0383 0.0738 0.0742 0.0330 0.05n 0.0557
30.0% 30.o" 40.0" 0.0403 0.0715 0.0733 0.0336 0.0579 0.0541
30.0" 20.0" SO.O" 0.0400 0.0734 0.0185 0.0324 0.0581 O.05n
30.0% 10.0" 60.0" 0.0412 0.0633 0.0718 o.o:m 0.0S40 0.0531
30.01. 0.0" 70.0" 0.0390 0001 0,0601 0.0009 0.0423 0.0381
20.0" 80.01. 0.0" 0.0421 00575 0.llS56 0._ 0.0S04 0.0441
20.0"" 70.0% 10.0" 0.0382 0.0749 0.0730 0.0316 0.0603 00532
20.01. 60.0" 20.0" 0.0370 0.0827 0.0791 0.0301 0.0613 0.0569
20.0" SO.O,," 30.0" OJl391 0.lJ758 0.0187 0.0320 0.0608 0.0599
20.0" 40.0% 40.0" 0.0369 0.0750 0.0765 0.0293 0.0556 0.0549
20.0"' 30.0", SO.O" 0.0387 0.0732 0.0741 0.0304 00S85 0.0557
20.0" 20.0" 60.0" 0.0386 0.0744 0.0185 0.0290 00S90 0.0553
20.0" 10.0", 700" 0.0315 0.0675 oons 0.0288 0.0553 0.0508
20.0" 0.0% 800> 0.0380 0,0428 00590 0.= 00360 0.03-51
10.0" 90.0"" 0.0" 0.0387 0.0576 0.0555 0.0285 0.0559 0.0438
10.0" 80.0" 10.0" 0.0383 00772 0.= 0.0296 0.0620 0.0553
10.0" 70.0" 2Q.O" 0.0387 00853 O.OS25 0.0270 0.0634 0.0609
10.0% 60.0" 30.0" 0.0359 O.ll804 0.0799 0.0261 0.06<l2 0.0579
10.0" 50.0" 40.0" 0.0360 0.0806 0,OS12 0.0257 0,0623 00609
10,0" 40.0% 5(W" 0.0342 O.OS13 00799 0.0249 0.0616 0.0580
10.0" 30.0" 60.0" 0.0358 0.0747 0.0770 0.0253 00573 0.0568
10.0" 20.0" 70.0% 0.0354 orrm 0.0795 0.0251 0.0596 0.0558
10.0"" 10.0% 80.0" 0.0375 0.0697 00755 0.0248 0.0521 0.0509
10.0," 0.0" 90.0" 0.0>40 0.0460 00569 0.0255 0.0380 00341
0.0" 100.0" 00% 0.0130 0.0645 0.0612 0.0207 0.0643 005J8
O,OS 9O.0S 10,0% 0.0143 00783 0.0156 0.0171 0.0700 00630
0.0% SIW' 20.0" 0.0190 0.07'l0 0.0774 0.0163 0.0635 0.0587
0.0% 70.0" 3O.0S 0.0184 00822 O.lIlO6 0.0132 0.0650 00620
0.0" 60.0" 40.0" 0.0205 0.0791 0.07B2 0.0110 0.0628 0.0613
0.0" SO.01. SO.O"" 0.0220 0.0198 0.0768 0.0097 0.0616 0.0S96
0.0" 40.0" 60.0" 00258 00830 0.0814 0.0086 0.0601 00594
0.0" 30.0" 70.0"' 00257 OOSIO 0.0828 0.0075 0060S 0 ....
0.0"" 20.0" 800" 0.0296 0.0765 0.0767 0,0061 0.0539 00539
0.0"" 10.0" 90.0" 0.lID4 0.0702 0lJ758 0.0048 0.0523 0,0526
0.0' 0.0" 100.0" 0.0348 0.0442 0.0649 0.0000 0.0279 0.0279
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Table 14. Percent of the stock group mixtures for which the
average absolute bias (Bias), standard deviation
(5. D.), and root mean squared error (RMSE) of the
maximum likelihood estimator were superior to
those of the classification estimator.

Stock
Year Age Group Bias S. D. RMSE

Lower 83.3% 100.0% 100.0%

1992 1.3 Middle 39.4% 93.9% 86.4%
Upper 47.0% 92.4% 90.9%

Lower 63.6% 90.9% 89.4%
1992 1.4 Middle 68.2% 100.0% 100.0%

Upper 62.1% 100.0% 100.0%

Lower 80.3% 100.0% 100.0%
1993 1.3 Middle 71.2% 100.0% 93.9%

Upper 77.3% 87.9% 84.8%

Lower 39.4% 97.0% 97.0%
1993 1.4 Middle 30.3% 93.9% 90.9%

Upper 57.6% 100.0% 100.0%
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Figure 1. Map of the Yukon River drainage.
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1992 Age 1.3 Yukon River Chinook Salmon - Average Absolute Bias
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Figure 3. Average absolute bias of classification and maximum likelihood stock composition estimators. Each data point
represents the average observed during 500 simulations with the stock mixture defined by each intersection of
the three axes. The area of each circle is proportional to average absolute bias. Stock standard data were
collected from age 1.3 Yukon River chinook salmon in 1992.
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Figure 4, Average absolute bias of classification and maximum likelihood stock composition estimators, Each data point
represents the average observed during 500 simulations with thc stock mixture defined by each intersection of
the three axes. The area of each circle is proportional to average absolute bias, Stock standard data were
collected from age 1.4 Yukon River chinook salmon in 1992,
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Figure 5. Average absolute bias of classification and maximum likelihood stock composition estimators. Each data point
represents the average observed during 500 simulations with the stock mixture defined by each intersection of
the three axes, The area of each circle is proportional to average absolute bias. Stock standard data were
collected from age 1.3 Yukon River chinook salmon in 1993.
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Figure 6. Average absolute bias of classification and maximum likelihood stock composition estimators. Each data point
represents the average observed during 500 simulations with the stock mixture defined by each intersection of
the three axes, The area of each circle is proportional to average absolute bias, Stock standard data were
collected from age 1.4 Yukon River chinook salmon in 1993.
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Figure 7. Standard deviation of classification and maximum likelihood stock composition estimators, Each data point
represents the standard devialion observed during 500 simulations with the stock mixture defined by each
intersection of the three axes, The area of each circle is proportional to standard deviation. Stock standard data
were collected from age 1,3 Yukon River chinook salmon in 1992.
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Figure 8. Standard deviation of classification and maximum likelihood stock composition estimators. Each data point
represents the standard deviation observed during 500 simulations with the stock mixture defined by each
intersection of the three axes. The area of each circle is proportional to standard deviation. Stock standard data
were collected from age 1.4 Yukon River chinook salmon in 1992.
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Figure 9. Standard deviation of classification and maximum likelihood stock composition estimators. Each data point
represents the standard deviation observed during 500 simulations with the stock mixture defined by each
intersection of the three axes. The area of each circle is proportional to standard deviation. Stock standard data
were collected from age 1.3 Yukon River chinook salmon in 1993.
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Figure 10. Standard deviation of classification and maximum likelihood stock composition estimators. Each data point
represents the standard deviation observed during 500 simulations with the stock mixture defined by each
intersection of the three axes. The area of eaeh circle is proportional to standard deviation. Stock standard data
were collected from age 1.4 Yukon River chinook salmon in 1993.
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Figure 11. Root mean squared error (RMSE) of classification and maximum likelihood stock composition estimators. Each
data point represents the RMSE observed during 500 simulations with the stock mixture defined by each
intersection of the three axes. The area of each circle is proportional to RMSE. Stock standard data were
collected from age 1.3 Yukon River chinook salmon in 1992.
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Figure 12. Root mean squared error (RMSE) of classification and maximum likelihood stock composition estimators. Each
data point represents lhe RMSE observed during 500 simulations with the slock mixture defined by each
intersection of the three axes. The area of each circle is proportional to RMSE. Stock standard data were
collected from age 1.4 Yukon River chinook salmon in 1992.
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Figure 13. Root mean squared error (RMSE) of classification and maximum likelihood stock composition estimators, Each
data point represents the RMSE observed during 500 simulations with the slock mixlure defined by each
intersection of the three axes. The area of each circle is proportional to RMSE. Stock standard data were
collected from age 1.3 Yukon River chinook salmon in 1993.
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Figure 14, Root mean squared error (RMSE) of classification and maximum likelihood stock composition estimators, Each
data point represents the RMSE observed during 500 simulations with the stock mixture defined by each
intersection of the three axes, The area of each circle is proportional to RMSE. Stock standard data were
collected from age 1,4 Yukon River chinook salmon in 1993,


